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REMARKS/ARGUMENTS 

Claims 1-11, 19, and 26-35 are pending in the application, and were rejected. In response 
thereto. Applicant has amended Claims 1, 3-4, 1 1, 19, and 33-34, and added new Claims 37-38. 
Claims 32 and 35 have been cancelled. As amended, the claimed invention is direct to a method 
for treating chronic wounds using a microbial cellulose dressing "consisting essentially of 1.5 to 
4.5 wt.% microbial cellulose and water. Further, Claim 19 recites a method of preparing such a 
dressing in which an intermediate pellicle has a cellulose to water ratio in the range of about 
1:100 to about 1:500 - which corresponds to 1 to 0.2 wt.% cellulose, and is then dried to form a 
microbial cellulose dressing "consisting essentially of 1.5 to 4.5 wt.% microbial cellulose and 
water. Further, both independent claims recite an absorption ability and donation ability of 
greater than 75% of the liquid weight. Further, new Claim 36 is directed the processing 
conditions for the purification step. Support for this new claim is found in Paragraph 0040 of the 
published application. 

A. The Ring '400 Patent 

In paragraph 3, the Examiner rejected Claims 1-11, 19, and 26-35 under 35 U.S.C. 
§ 102(b) as being anticipated by Ring, U.S. Patent No. 4,588,400 ("the Ring '400 Patent"). 
Applicant respectfully traverses the rejeption in light of the amended claims. 

It is well settled that "[a] claim is anticipated only if each and every element as set forth 
in the claim is found, either expressly or inherently described, in a single prior art reference." 
See Verdeeaal Bros, v. Union Oil Co. of California. 814 F.2d 628, 631, 2 U.S.P.Q.2d 1051, 1053 
(Fed. Cir. 1987). Further, "[w]hen the prior art discloses a range which touches or overlaps the 
claimed range, but no specific examples falling within the claimed range are disclosed, a case by 
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case determination must be made as to anticipation. In order to anticipate the claims, the claimed 
subject matter must be disclosed in the reference with sufficient specificity to constitute an 
anticipation under the statute." See MPEP § 2131.03. What constitutes a "sufficient specificity" 
is fact dependent. In particular, if the claims are directed to a narrow range, and the reference 
teaches a broad range, one can conclude that the narrow range is not disclosed with "sufficient 
specificity" to constitute an anticipation of the claims. See, e.g., Atofina v. G reat Lakes Chem. 
Corp, 441 F.3d 991, 999, 78 U.S.P.Q.2d 1417, 1423 (Fed. Cir. 2006) (holding that a reference 
temperature range of 100-500 °C did not describe the claimed range of 330-450 °C with 
sufficient specificity to be anticipatory). Further, any evidence of unexpected results within the 
narrow range may also render the claims unobvious. 

In this case, the Ring '400 Patent contemplates liquid loaded pads having a very wide 
range of cellulose contents and a very wide range of liquid types in the liquid loaded pad. As 
FIG. 1 of the present application shows, liquid loaded pads having very low (e^, 0.7 wt.%) and 
very high (e.g. , 20 wt.%) cellulose contents are unable to both donate and absorb liquid essential 
for treating non-responsive chronic wounds as claimed. As discussed more fiiUy below, none of 
the examples in the Ring '400 Patent fall within the claimed cellulose content range and the 
claimed liquid type (water). As such, Applicant respectfiilly submits that the claimed invention 
is not anticipated by the Ring *400 Patent. 

Example 1 of the Ring '400 Patent teaches a saturated cellulose pellicle comprising 
40 g/M^ cellulose and 3600 g/M^ water. This corresponds to a cellulose content of 1.1 wt.% 
cellulose.^ Example 1 does not anticipate the claimed invention for at least three reasons. First, 
the cellulose content of Example 1 is outside the claimed range of 1.5 to 4.5 wt.% cellulose. 
* The calculation is (40 g/MV(40 g/M^ + 3600 g/M^) or 1.1 wt.%. 
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Second, FIG. 1 of the present application shows that such low cellulose values (near 1%) are 
unable to both donate and absorb liquid as claimed. Third, the Ring '400 Patent provides no 
evidence that the liquid loaded pads may successfully treat non-responsive chronic woimds . 
Thus, Applicant respectfully suggests that the claimed invention is not anticipated by Example 1 
ofthe Ring '400 Patent. 

Example 2 of the Ring '400 Patent teaches a water loaded pellicle having a water to 
cellulose ratio of 8: 1 , which corresponds to 1 1 . 1 wt.% cellulose. This is well outside the claimed 
range of 1.5 to 4.5 wt.% cellulose. Example 2 prophetically describes a water-loaded pellicle 
having a liquid to cellulose content ranging from 2:1 to 20:1 that "may be prepared" (col. 5, 
line 38). This corresponds to 33% to 4.8% wt.% cellulose. Again, this is outside the claimed 
range. Further, there is no teaching that such a dressing can be used for the effective treatment of 
a chronic wound as claimed. 

Examples 3-8 of the Ring '400 Patent either recite processing conditions that make it 
difficult to calculate the cellulose content, have cellulose contents clearly outside the claimed 
range, or include chemicals (such as glycerol, polyethylene glycol, or petrolatum) that negatively 
affect performance ofthe product if used as a chronic wound dressing. 

More specifically. Example 3 of the Ring '400 Patent teaches a sheet according to 
Example 2 (Le., a water-to-cellulose ratio of 8:1 or 11 wt.% cellulose) inmiersed in water, 
water/glycerol, or saline, in which "about 70% of the original liquid content" was recovered. 
Thus, the liquid content in Example 3 is actually decreased by 30% so that the ratio is 5.6 to 1 
(70% X 8:1), which corresponds to 15 wt.% cellulose. Again, this is outside the claimed range 
such that Example 3 does not anticipate the claimed invention. 
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Example 4 of the Ring '400 Patent teaches a sheet material reconstituted with glycerol or 
polyethylene glycol ("PEG") to obtain a liquid content of 2000 g/M^ liquid and 40 g/M^ cellulose 
(from Example 1) or a liquid to cellulose ratio of 50:1. Thus, the resulting material had a 
cellulose content of 2 wt.% and water and glycerol or PEG. Importantly, the claimed invention 
is limited to a wound dressing "consisting essentially" of microbial cellulose and water. As set 
forth in the Damien Declaration under § 1.132 (attached as Exhibit F), Applicant has conducted 
experiments to show that the claimed invention has donative/absorptive properties superior to 
that of Examples 4, 7, and 8 of the Ring '400 Patent. 

Example 5 of the Ring '400 Patent teaches air drying the pellicle and then immersing the 
sheet in glycerol where it regains about 5% of its original liquid content. Five percent of 
3600 g/M^ is 180 g/M^. Thus, the resulting material comprised 40 g/M cellulose and 180 g/M 
glycerol or about 18 wt.% cellulose. Thus, the claimed invention is not anticipated by Example 
5 of the Ring '400 Patent because the cellulose content is well outside the claimed range. 

Examples of the Ring '400 Patent teaches reconstituting the sheet material with 
polyvinylpyrolidone ("PVP") to about 70% of its original liquid content. The pellicle was then 
allowed to air dry to about 50% of its reconstituted weight. The pellicle was then exposed to an 
electron beam to cross link the PVP to form a gel within the pellicle. Thus, Example 6 of the 
Ring '400 Patent does not anticipate the claimed invention because it teaches a PVP cross-linked 
"gel" in the dressing and does not "consist essentially of water and microbial cellulose as 
claimed. 

Example 7 of the Ring' 400 patent teaches reconstituting the sheet material with 1% 
silver sulfadiazine ("SSD") ointment. The liquid content increased to about 1000 g/M^. Thus, 
the resulting material comprised 40 g/M^ cellulose and 1000 g/M^ liquid (water and SSD) or 
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about 3.8% cellulose. As set forth in the Damien Declaration, Applicant has conducted 
experiments to show that the claimed invention has donative/absorptive properties superior to 
that of Examples 4, 7, and 8 of the Ring '400 Patent. 

Example 8 of the Ring '400 Patent teaches reconstituting the sheet material with water to 
2000 g/M^ and then immersing the pellicle in petrolatum. Thus, the resulting material comprised 
40 g/M^ cellulose and 2000 g/M^ liquid (water and petrolatum) or about 2% cellulose. The 
resulting product was a petroleum-coated dressing having a water core. As set forth in the 
Damien Declaration, Applicant has conducted experiments to show that the claimed invention 
has donative/absorptive properties superior to that of Examples 4, 7, and 8 of the Ring '400 
Patent. 

In the Office Action, the Examiner relies upon the intermediate 2% product in Example 8 
as a basis for rejecting Applicant's claims. Applicant respectfully submits that Example 8 
actually teaches away from the amended "method of treatment" claims of the present invention. 
That is. Example 8 teaches only that the final petrolatum-coated product should be applied as a 
treatment for acute wounds, not the intermediate product. In contrast, the present invention is 
directed to a method of treating chronic wounds with a microbial cellulose dressing consisting 
essentially of from about 1.5% to about 4.5% cellulose and water. Moreover, in order to clarify 
that the intermediate product is excluded from the claim scope. Applicant has amended Claim 1 
to clarify that the treatment involves a "kit" the microbial cellulose dressing in a moisture-proof 
package. In addition, new Claims 37-38 recite the packaging. 

In short, none of the examples in the Ring '400 Patent disclose a method of treating 
chronic wounds with a microbial cellulose dressing consisting essentially of 1.5 to 4.5 wt.% 
cellulose that is capable of both absorbing and donating liquid in the amount claimed. In 
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dressings with less than 1.5vvt.% microbial cellulose, the dressing fails to absorb significant 
amounts of exudates from a chronic wound. With amounts more than 4.5 wt.% microbial 
cellulose, the dressing fails to hydrate the wound bed adequately. The dressings in the examples 
describe only examples which either absorb (highest cellulose range) or hydrate (lowest cellulose 
range) - but not both. See column 3, lines 29-3 1 ("either supply moisture to the wound or absorb 
exudate"). The claimed dressing is capable of donating about 75% to 95% of its liquid weight 
and is also is capable of absorbing between about 35% to 75% of its liquid weight where the 
wound has exudates. See FIG. 1. These properties were not recognized in the prior art and are 
critical in the treatment of chronic wounds. 

Equally important, Applicant respectfully submits that the claimed method of treating a 
specific type of wound - non-responsive chronic wounds in humans - is not anticipated by the 
Ring '400 Patent. The Ring '400 Patent only mentions the possibility of treating ulcers 
hypothetically with liquid loaded pads having an occlusive film. See col. 9, lines 24-50 ("A 
dressing ....may be applied to such an ulcer..."). Yet, the Ring '400 Patent does not specify what 
type of ulcers are contemplated. Nor is there any evidence of healing success in treatment of 
non-responsive chronic wounds over a long period of time. The only biological data disclosed in 
the Ring' 400 Patent deals with the use of the liquid loaded pad from Example 4 (which 
contained PEG or glycerol) in guinea pig studies in which the full thickness of skin in the dorsal 
area was surgically removed. See column 7, line 60 to column 8, line 4. Further, the Ring '400 
Patent only investigated treatment for 8 days . Clearly, this type of "surgical woimd" is an acute 
wound and not a chronic wound as claimed. A chronic wound is a non-responsive wound that 
has failed to proceed through an orderly and timely process to produce anatomic and functional 
integrity, or one that has proceeded through the repair process without establishing a sustained 
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anatomic and functional result. See Lazarus et al., Definitions and Guidelines for Assessment of 
Wounds and Evaluation of Healing, Arch Dermatol. 130:489-493, at pg. 490 (1994) (attached as 
Exhibit A). For these additional reasons, Applicant respectfully submits that the claimed 
invention is not anticipated by the Ring '400 Patent. 

In addition, in Davis et al., Wound environment: implications from research studies for 
healing and infection in: Krasner DL, Rodehaver GT, Sibbald RG eds. CHRONIC Wound Care: 
A Clinical Source Book for Healthcare Professionals (4th ed. Malvern, Pa: HMP 
Communications), at pg. 205-213 (2007) (attached as Exhibit B) the authors recognized that 
"small mammal[s] (e.g., mouse, rabbit, guinea pig).,, have striking differences to humans [since] 
they tend to have dense fur with relatively thin epidermal and dermal layers. Additionally, they 
heal mostly by v^ound contraction instead of re-epithelization." See pg. 205 line 14. Therefore, 
treating non-responsive chronic wounds in humans is not anticipated by the Ring '400 Patent, 
which contains only animal data for acute surgical wounds. 

The literature also shows that different kinds of wounds require different kinds of 
dressings depending on their history and development. See Broussard, Dressing Decisions in: 
Krasner DL, Rodehaver GT, Sibbald RG eds. Chronic Wound Care: A Clinical Source 
Book for Healthcare Professionals (4th ed. Malvern, Pa: HMP Communications), at pg. 
249-262 (2007) (attached as Exhibit C). Therefore, Applicant respectfully submits that it is not 
obvious to apply dressings that the prior art teaches may be used on acute wounds over a 
relatively short period of time on non-responsive chronic wounds as in the present invention. 

In short. Applicant respectfully submits that one skilled in the art would not equate the 
treatment of 8-day-old "acute wound" of the Ring '400 Patent with the treatment of non- 
responsive chronic wounds as claimed. Because the claimed invention is able to both absorb and 
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donate more than 75% of its weight of liquid, improved healing of chronic woimds is possible 
compared to that found in the prior art. For this additional reason, Applicant respectfully 
submits that the claimed invention is not anticipated by the Ring '400 Patent. 

In the present invention, the microbial cellulose dressings having 1.5 to 4.5 wt.% 
cellulose were used to treat non-responsive chronic wounds. This had not been done before such 
that there is no anticipation of the claimed invention. The specification states in part: 

Example 4 

Human Clinical Effectiveness Testing in Treating Chronic Wounds 

[0057] The objective of the human clinical testing was to assess the effectiveness 
of the cellulose wound dressing in treating various types of chronic wounds. A 
total of 29 patients with 31 various types of chronic wounds were involved in the 
study. The patients were treated with the cellulose wound dressing after passing 
the inclusion criteria outlined in the study protocol approved by an institutional 
review board (IRB). The cellulose wound dressing treatment was implemented for 
eight weeks or until the wound healed. Weekly wound observations were 
conducted. After the observations were recorded the dressings were changed. 
Both wound condition and size were recorded during the weekly visits and the 
study was terminated after the wounds healed or eight weeks of treatment. 

[0058] The results of the human study can be divided into three notable 
indications based on the performance of the cellulose wound dressing. The 
cellulose wound dressing exhibited strength in the removal of slough necrosis in 
deep pressure ulcers. Application of the cellulose wound dressing reduced the 
hypergranulation tissue down to the level of the surrounding epithelium in two 
wound presented with the problem. The third and most interesting response to the 
cellulose wound dressing was observed during the treatment of venous leg ulcers, 
particularly those with full thickness tissue involvement. The results showed that 
out of thirteen (13) venous leg ulcers (two partial thickness and eleven fiill 
thickness wounds), seven (54%) were completely healed and the remainder (46%) 
showed improvement during the course of the eight-week study. 

See Paragraph 0057-0058 (emphasis added). This clinical study was ftirther detailed in Example 
5 (Paragraphs 0059 to 0072) and Brown-Etris et al., Evaluation ofXCell Wound Dressing on 
Wound Healing of Pressure Ulcers (2003) (attached as Exhibit D) and Brown-Etris et al., 
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Evaluation of XCell Wound Dressing on Wound Healing of Venous Stasis Ulcers (2003) 
(attached as Exhibit E). 

With respect to pressure ulcers, FIGs. 6-15 of Exhibit D describe how treatments prior to 
the use of XCell® wound care dressing included mechanical, chemical, and autolytic 
debridement and use of other wound dressings. Therefore, the success of XCell® (14 of 16 
evaluable wounds; Table 1) in showing healing or improvement over the eight- week treatment 
was truly unexpected and further demonstrates that success in medical arts, especially in wound 
healing, is not as predictable as in mechanical arts. 

Similarly, with respect to venous ulcers, FIGs. 4-6 of Exhibit E show the "[h]ealing of a 
venous ulcer [that was] classified as a non-responsive wound that had lasted one to three months. 
Previous treatments included mechanical debridement and use of other wound dressings. Over 
the study, the wounds continued to heal [...] to being fully healed at six weeks." Also, FIGs. 7-9 
and FIGs. 10-11 demonstrate the unexpected success of XCell® quite strongly. 

In sum, this evidence shows that the claimed invention (treatment of chronic wounds) 
was not anticipated by the cited prior art. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
claims are now in condition for allowance and eventual issuance. Such action is respectfully 
requested. Should the Examiner have any further questions or comments which need be 
addressed in order to obtain allowance, please contact the undersigned attomey at the number 
listed below. 
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Acknowledgement of receipt is respectfully requested. 

Respectfully submitted 




, Reg. No. 42,748 
STINSON MORRISON HECKER LLP 
1201 Walnut Ste 2900 

Kansas City, MO 64106-2150 
Telephone: (816)842-8600 
Fax: (816)691-3495 
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Definitions and Guidelines for Assessment 
of Wounds and Evaluation of Healing 

Gerald S. Lazarus, MD; Diane M. Cooper, PhD, RN; David K Knighton, MD; David J. Margolis, MD; 
Roger E. Pecoraro, MDt; George Rodeheaver, PhD; Martin C Robson, MD . 



Background: Chronic wounds represent a worldwide 
problem. Forlaboratory and clinical research to adequately 
address this problem, a common language needs to exist. 

Observation: This language should include a system 
of wound classification, a lexicon of wound descriptors, 
and a description of the processes that are likely to affect 
wound healing and wound healing end points. 



Conclusions; The report that follows defmes wound, 
acute wound, chronic wound, healing and forms of heal- 
ing, wound assessment, wound extent, wound burden, 
and wound severity. The utility of these definitions is dem- 
onstrated as they relate to the healing of a skin wound, 
but these definitions are broadly applicable to all wounds. 

(Arch Dermatol m^inOim-m) 



From the Dean's Office, 
University of California-Davis 
(Dr LMzarus); Department of 
Surgery and School of Nursing 
(Dr Cooper) and the Division 
of Plastic Surgery 
(DrRohson), University of 
Texas Medical Branch, 
Galveston; Center for Wound 
Healing and Reparative 
Medicine, University of 
Minnesota Hospital and Clinic, 
Minneapolis (Dr Knighton); 
Department of Dermatology, • 
Hospital of the University of 
Pennsylvania, Philadelphia 
(Dr Margolis); Department of 
Medicine. University of 
Washington School of 
Medicine, Seattle 
(Dr Pecoraro); and Plastic 
Surgery Research, University . 
of Virginia School of Medicine, 
Charlottesville 
(Dr Rodeheaver). 
fDeceased, 



FEW STATISTICAL trends over 
the past several decades have 
been as consistent as those 
related to die increasing lon- 
gevity of the American pppu- 
lation. Though such a change appears salu- 
tary, it is not without consequences. One 
of the most obvious effects is the emer- 
gence of a growing segment of the popu- 
lation with chronic health care problems. 
Among the costlier sequelae of chronicity 
is the presence of a large number of indi- 
viduals with indolent or chronic wounds. 
In addition to the emotional costs associ- 
ated with the presence of a nonhealing sore 
is the escalating financial burden of the care 
of these wounds to patients, to families, and 
to society. 

Pressure ulcers, or decubitus ulcers, 
are examples of such chronic wounds; 
there is an estimated 3% to 5% incidence 
rate in hospitalized patients. The inci- 
dence increases to 25% to 85% in patients 
with spinal cord injuries.^ Assuming that 
5% of the approximately one million 
Americans hospitalized yearly will de- 
velop pressure sores, and using the 1977 
estimate of $ 1 5 000 for cost of care per pa- 
tient,^ the total cost of treatment is a stag- 
gering $750 000 000 per year, not account- 
ing for inflation.' Similar data are available 
for other chronic wounds. 



More rapid healing of a chronic wound 
is significant because it could result in de- 
creased hospitalization and earlier return 
of the patient to daily functions. Institu- 
tional care of such chronic wounds costs 
approximately $1000 per day. Because pa- 
tients are increasingly cared for outside of 
hospitals, evaluation of wounds, availabil- 
ity of wound care supplies, and consis- 
tency of care vary enormously. 

The consequence is that many chronic 
wounds last far longer than necessary. 
. Some wounds never heal and these may 
indirectly be responsible for patients' 
deaths. As more care is rendered in the 
home, the need for therapies aimed at re- 
storing and maintaining structural integ- 
rity increases- 
Market expenditure of over $7 bil- 
lion dollars worldwide has been pro- 
jected for provision of such therapies. How- 
ever, potential savings of $11 billion in 
health care costs have also been pro- 
jected. With this background, it has be- 
come clear that confusion about wounds 
and healing has led to divergent initia- 
tives and less productive approaches.^ The 
Wound HealingSociety, Richmond, Va, be- 
lieves that definitions and guidelines for 
assessment of wounds and evaluation of 
healing are necessary to relieve this con- 
fusion. 
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Figure 1. A pictorial representation of prototypic forms of wound healing. 
An id&ilty healed wound results in a return to normal anatomic function, 
structure, and appearance. A minimally healed wound results in the 
restoration of anatomic continuity but without a sustained functional result 
An acceptably healed wound is characterized by restoration of sustained 
functional and anatomic continuity. 




Wound Extent Tissue Level and Dimensions 



Figure 2. Wound extent is based on the tissue level involved and the 
wound dimensions. The wound extent will change during wound healing 
and needs to be monitored. 

The purpose of this article is to initiate the creation 
of a common language defining a wound, healing, and 
the factors and processes that are important for wound 
healing. This language should include a system of wound 
classification, a lexicon of wound descriptors, and de- 
scription of the processes that are likely to affect wound 
healing and wound healing end points. A consensus on 
terminology among parties interested in wound repair 
would greatly facilitate the ability of workers in this field 
to advance knowledge. The proposed definitions and 
guidelines are not intended as a dogmatic statement but 
rather as a thoughtfully prepared foundation for future 
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discussions that will accommodate modifications over 
time. Although the impetus for embarking on this task 
was to provide basic definitions and guidelines for indi- 
viduals doing research in wounds and healing, this ap- 
proach will be of parallel value to clinicians, caregivers, 
regulators, and payers. 

DEFINITIONS 

A wound is a disruption of normal anatomic structure 
and function. Wounds result from pathologic processes 
beginning internally or externally to the involved 
organ(s). Acute wounds normally proceed through an 
orderly and timely reparative process that results in sus- 
tained restoration of anatomic and functional integrity. 
Chronic wounds have failed to proceed through an or- 
derly and timely process to produce anatomic and func- 
tional integrity, or proceeded through the repair process 
without establishing a sustained anatomic and func- 
tional result. Orderliness refers to a sequence of biologi- 
cal events including the following: control of infection, 
resolution of inflammation, angiogenesis, regeneration 
of a functional connective tissue matrix, contraction, re- 
surfacing, differentiation, and remodeling. Timeliness is 
relative, and it is determined by the nature and degree of 
the pathologic process, the status of the host, and the en- 
vironment. The expectation of the length of time to wound 
repair must be clearly specified when distinguishing be- 
tween an acute and chronic wound. Simply stated, wounds 
may be classified as those that repair themselves or can 
be repaired in an orderly and timely process (acute 
wounds) and those that do not (chronic wounds). 

Healing is a complex dynamic process that results 
in the restoration of anatomic continuity and function. 
This usually involves the orderly sequence of biologic 
events listed previously. Healed wounds constitute a spec- 
trum of repair and they must be defined and specified 
(Figure 1 ). An ideally healed wound is one that has re- 
. turned to normal anatomic structure, function, and ap- 
pearance. A minimally healed wound is characterized by 
the restoration of anatomic continuity, but v^dthout a sus- 
tained functional result and hence the wound may re- 
cur. Between these two extremes, an aicceptably healed 
wound is characterized by restoration of sustained func- 
tional and anatomic continuity. 

ASSESSMENT OF THE WOUND 

Assessment of a wound in the environment in which it 
occurs is essential for diagnosis, treatment, manage- 
ment, and study. No wound can be assessed in isolation 
from the patient or his or her environment. Thus, com- 
plete wound assessment must include the extent of the 
wound, associated attributes of the wound, host factors 
that influence wound status, and environmental factors 
that impact on optimum wound management. We pro- 
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pose thai the following terms and relationships are use- 
ful in the assessment of wounds. This relationship can 
be defined by the following: extent alpha tissue level, 
wound dimensions; wound burden alpha extent, at- 
tributes; and wound severity alpha wound burden, host, 
environment. 

Assessment of any wound should begin with the ex- 
tent of the wound (Figure 2). Because extent of a wound 
is a dynaniic process, it requires repeated systematic assess- 
ment. The total wound extent is based on the tissue level 
involved and the wound dimensions. The determination of 
extent of a wound can include noninvasive and invasive tech- 
nologies (Table 1 ). The noninvasive assessment of extent 
includes perimeter, maximum dimensions of length and 
width, surface area, volume, amount of undermining, and 
determination of tissue viability. Invasive methods may be 
necessary to quantify the extent of a wound. The tissue lev- 
els of the wound must be defined from its surface to its depth 
and may vary depending on the organs involved. The total 
wound extent should be determined by the integration of 
the maximal amount of available data. 

A wound can be further described by various at- 
tributes, which include the following: duration, blood 
flow, oxygen, infection, edema, inflammation, repeti- 
tive trauma and/or insult, innervation, wound metabo- 
lism, nutrition, prior wound manipulation, and sys- 
temic factors. These attributes are clues to the cause, 
pathophysiology, and status of the wound. The first 
step is a complete and careful history and physical ex- 
amination. Table 2 presents important aspects of the 
history and physical examination that are helpful in 
defining attributes. These should be carefully moni- 
tored and documented. There are a number of nonin- 
vasive and invasive technologies that can assist in 
quantifying attributes (Table 3). 

Ultimately, wounds should be assessed by their ef- 
fect on the host. These factors are defined by the terms 
wound burden and wound severity. Wound burden is a 
function of the extent of the wound and its attributes 



iTaWalfinvcm^ Evaluate Wound Attributes*^ 



^Attributerl^^i;.g:#?^^.^^ j:;^lk^f ^ Noninvasive -.u^ ~y 



Invasive 



Arteriography, subcutaneous: POzl venography/^- 
lymphangiogram, fluorometry . ' .^-^ \ \ 



culture, probe to bone; biopsy for histologic 

^ examination/ sv^ab culture 




--^^^i;;;;^^^ technologies may still need to be evaluated. 
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Figure 3. Wound burden is a function of the extent of ttie wound and its 
attributes. Wound attributes are listed as follows: duration, edema, 
infection, inflammation, innervation, nutrition, oxygenation, trauma, and 
wound metabolism. 




Figure 4. Wound severity reflects wound burden, host factors, and 
environment. Wound severity changes during wound healing, but also 
when changes are made to the host and the environment. 

(Figure 3). Wound severity reflecis wound burden, host 
factors, and environment (Figure 4). These character- 
istics can change during healing. 

The status of the patient is essential to understand- 
ing the cause as well as evaluating the impact of systemic 
factors on the wound. In addition, there are environ- 
mental factors that influence the access to, and the qual- 
ity of, care required to optimize the potential for wound 
repair. These factors include demographics, systemic 
agents that affect wound repair, and systemic disorders 
(Table 4). 

EVALUATION OF HEALING 

Evaluation of healing requires the analysis of qualitative 
andquantitativewoundassessmcnts. The simplest method 
to evaluate the outcome of healing is to examine the healed 
wound and determine if it is minimally, acceptably, or 
ideally healed. This may be accomplished by history and 
physical examination alone, but it may require objective 
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-.Septic sriock:®^, ^^gulmoriafy"disSse^4^"^^ 



quantifiable measurements. The evaluation of the heal- 
ing process is more difficult because it is a dynamic pro- 
cess: it requires ongoing, systematic, consistent evalua- 
tion. Ideally, this involves reassessment of wound extent, 
wound burden, and wound severity. The selection of pa- 
rameters and the frequency of evaluation should be de- 
fined and appropriate to the process that is being ob- 
served. The modes of evaluating this process include 
assessment of changes in the following: angiogenesis^ in- 
flammation, fibroplasia and restoration of the connec- 
tive tissue matrix, wound contraction, remodeling of the 
wound, epithelization, and differentiation (Tables 2 and 
3). Synthesis of the collected information should be used 
to determine the progress of heahng. 

IMPLEMENTATION OF 
THESE GUIDELINES 

Wounds Involving the Skin 

The preceding definitions and guidelines were de- 
signed to be applicable to any wound. To illustrate the 
use of these guidelines, we will use wounds involving 
the skin as a paradigm. These wounds disrupt the epi- 
dermis and dermis and result in loss of barrier func- 
tion. They may originate from forces internal or exter- 
nal to the skin. 

To assess the extent, an accurate assessment of these 
wounds is based on observing structures and tissues in- 
volved. The assessment of extent includes the following: 
perimeter, maximum dimensions of length and width, 



ARCH DERMATOiyVOL 130, APR 1994 
492 



Exhibit A 



Page 5 of 5 



surface area, volume, amount of undennining, and de- 
termination of tissue viability (Table 1). Invasive meth- 
ods may be necessary to quantify the extent of a wound. 
The tissue levels that may be involved in the wound are 
the epidermis, dermis, subcutaneous tissue, fascia, muscle/ 
tendon, or bone/viscera. 

Wounds involving the skin, like any wound, can be 
further described by various attributes. Assessment of skin 
wound attributes should begin with a thorough history 
and physical examination of the wound 
(Table 2). The examination includes careful description 
of the wound*s appearance and can also include the fol- 
lowing: wound location; description of the periwound 
skin and cutaneous appendages; wound color, both in a 
dependent and elevated wound position; capillary refill; 
venous filling; bruits and pulse status; varicosities; the 
presence of bleeding; erythema; edema; induration; fi- 
brin; necrosis in the wound; surrounding gangrene; exu- 
date; odor; lymphangitis; the presence of joint abnor- 
malities; the historic origin of the wound; and a description 
of both spontaneous and induced pain. It is important 
that these parameters be quantified and recorded. There 
are a number of noninvasive and inyasiyc technologies 
that can assist in quantifying attributes (Table 3). . 

Healing of Wounds of the Skin 

The simplest method for evaluating healing in wounds 
involving the skin is to examine the wound and deter- 
mine if it is minimally, acceptably, or ideally healed. An 
ideally healed wound of the skin results in a return to 
normal anatomic structure, function, and appearance that 
includes a fully differentiated and organized dermis and 
epidermis with intact barrier function. An acceptably 
healed wound is characterized by epithelization capable 
of sustaining functional integrity during activities of daily 
living. A minimally healed wound is characterized by the 
restoration of epithelial coverage that does not establish 
a sustained functional result and may recur. 

Evaluation of wounds involving the skin requires 
ongoing, systematic, consistent assessment of wound 
burden and wound severity. This involves quantifying 
changes in extent (Table 1) and attributes both clini- 
cally (Table 2) and by using reproducible appropriate tech- 
nologies (Table 3). These changes should always be cor- 
related with changes in the status of the host. 

SUMMARY. 

The escalating physiologic, psychological, social, and fi- 
nancial burden of wounds to patients, families, and so- 



ciety demands redress. The first step in the solution of 
this problem is agreement on definitions of wounds and 
wound healing, their assessment, and their evaluation. 
The definitions and guidelines described will enhance 
communication among all elements of society dealing 
with this problem. It is vital that the quality of clinical 
and technologic observations be as stringent as outlined 
in these guidelines. Once these uniform definitions and 
guidelines become standard, they can be used for deter- 
mining standards of care, designing and implementing 
health care policy, addressing reimbursement issues, and 
setting end points for studies. 

The broad applicability of these definitions and guide- 
lines provides a framework for future consensus devel- 
opment regarding specific wound types involving hard 
and soft tissues, models, and technological assessment 
tools. 
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V^ound Environment: Implications from 
Research Studies for Healing and Infection 

Stephen C. Davis; Robert Perez, PhD; Focios Andreopoulos, PhD 



Objectives 

The reader will be clwllcngcd to: 

t Understand liie imporunce of delivery systems for topical agenu used in wound healing and infeccion 
• Discuss the role of bActcrial biofilnu and the occurrence of antibiotic-rcsisunt bacteria 
. Pfcs^t potential ways to disrupt and/or treat bacterial biofilms. 



Introduction 

Although ideal vvoufid ticnling and infection studies 
ihoiild be performed using lunnan subjects, it is 
not always praeiic.1l or ethical. One of the difficul- 
ricslies in obiaining enough subjects with sinuJar or ideii- 
ticjj situations to cotidisct well eoiutolled studies. 
Additionally, studies oji lujnmns arc Impaired by the tneth- 
ods of analysis the txrsearcher can pcriorn\. For example, it 
ii ir}ipt;icticai to biopsy a human subject at ^-arioiis time- 
poma thmughouf tlic healing process in order to properly 
conduct hiitological examination of the wounds. Ethical 
wnsidcnttons prevent the intentional infection ofawomtd 
a human or the use of nn untrented control subject, 
•^ruiiui models have become a valuable con«nodit>' to the 
^'•Jorchcf because of these difijculries. Althougli small 
'^lanwiaJ (eg, mouse, rabbit, guinea pig) models have been 
■i«d, these animals have srriking difTcrcnccs to humans. 
■'"^1 manuiials tend to have dense fur with relatively thin 
•I '^Icrmal .ind deruul layers. Additionally, they heal tnosUy 
k( wound contracrion iixstead of re-cpiihclizntiou. Our 
*^nul rnodcl of choice is the pig, since pig skin is struc- 
^^y sinular to human skin, including similar cpidernul 
'Sickness and dcrnul-epidermal thickness ratios. 
Additionaay, pigs and humam sJiarc simitar patterns of liair 



follicles at^d blood vessels. Biochcnucally, pigs contiin der- 
mal collagen and a dermal elastic content more similar to 
himinns than other commonly used manniials.' 

The purpose of this chapter is to discuss the Nnponance 
of deliver)' systems for active agents (eg, growth factors) 
and review the possible role of bnctcrinl biofihns ajid the 
occurrence of .intibioiic-resistnnt bacteria. We will also 
present some preclinicnl data using our porcine wouiul 
healing and infection models, which may lead to new 
thcnpcutic agents for the clinic. 

Growth Factor Delivery 
Vehicles in Wound Healing 

Growth factors play an important role in tissue repair by 
participating in the regulation of cell proliferation, migra> 
tion. diOereiuiaiioii. and organ development. Exogenous 
administration of growth factors has been identified as a 
potential tJierapculic approach in Decelerating the rate of 
acute and chronic wound healing. Nonctl^elcss. their sus- 
ceptibility to enzym.itic degradation, short half-lives, and 
che need to maintain adequate pK^rnucological levels at 
die injured site have limited the widespread usage of bo]u.s 
peptide deliver)* in cutaneous repair.^' Improvemencs on 
existing controlled delivery technologies or newly 
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designed controlled delivery vehicles that procecc die pep- 
tides fioni dcaccivacioiu prolong rheir contact dnie, and 
mimic (he endogenous growth factor proBies .ire cssenciAl 
for the $ucce$iful cmployniem of exogenous growtli factors 
ill wound care, lit recent years, several stracegics and mate- 
riAls have been considered for the ctTecdve deliwry of 
growih factors to the wound site, but the appropriate mode 
for making dicse peptidc5 available 3t the desired site scill 
reinaim unclear due to variabiliry of wound size and se\-er- 
ity and tlic underlying cause of wound pathology/'" 

Given the complex tmturc of the wound he;iling process, 
an eflTcctive delivciT vehicle for cutaneous rcgcncraiion 
must address several key issues. First, the biomaieriat used to 
construct the vehicle must be compatible with die skin (ie, 
niinuc the surface of the skin), nuist be nontoxic, and must 
provide m adequate layer of protection (torn infiltntiJig 
bacteria. Second, the vehicle should be designed to release 
the growth factor at controlled rates that allow its appropri- 
ate spatial and temporal exposure to the injured or diseased 
tissue. Third, the vehicle should stabilize the 
embedded/encapsulated growth factor for the duration of 
the treatment and tclcasc the peptitie hi an active fonn.Thc 
bioniatcrinls iciectcd lor the dcvclopmeiit of the peptide 
vehicle vary widely depending on [he applicacion and the 
nature of the growth factor being used. Synthetic polymers, 
such as polyethylene glycol, polyvinyl alcohol, polylaccic 
acid, or polygtycolic acid and its copolymers, or natural 
polymers, such as proteins (eg. gelatin, collagen), sugars (eg. 
cellulose), and glycosauu nog! yeans (eg, heparin, hyaluronic 
acid), are cou-unonly vised for the construction of growth 
factor deliver)' vehicles. Vehicles can also be designed to 
undergo nonspecific (eg, hydrolysia) or tissue-responsive 
(eg, pH, enzyme concentration) biodcgradation.The rate of 
biodegradation can be controlled in a variety of ways to 
occur over a period of days to months, and it can be syn- 
chronized to disappear conipletely once all of the cncapsu- 
bting peptide has been delivered and new tissue is formed. 
Factors aflecting this rate include nacurc of the bioma- 
terial (5ynd\elic versus natural), the degree of cr\'Stallinirs' 
and molecular weight of the polymer, the crosslinking den- 
sity, and the shape and porosit)' of the carrier construct. 

Some of the most promising growth factors currendy 
investigated in wound healing applicadons include basic 
fibroblast growdi factor (bFGF), epidermal growth factor 
(EGF), and platelet-derived growth factor (PDGF). 
Epidermal and basic fibroblast growth facion have received 
significant acteniion for their potential to expedite the heal- 
ing process. The eOTicacy of both factors necessitates contin- 
uous exposure to die wound cclh and depends upon the 
dosage and mode of delivery."""'" Epidermal growth factor 
is a smaD polypeptide of 53 amino acids with a molecular 
weight of 6,000 Da. and ir shares 42% sequence homology 



with ihf linu'tionatly related tr.msimnijog 
.ilpha (TGF-a). F.pidernwl giowii> factor is{ 
all l>oitily iluids and is widely di<.t: ilM:;'c| j| 
tract and the skin. Ir in mitou^ru tormc^ 
SUC5. tlbrohhsK. .uid ondoihdial v\ IK. F.pijfrp 
tor accelerates cpidcrm.ij he.ilicu' ct iMrud- 
«x)iinds in pig^ and donor sitt * at paru:»j. 
gr.»ffs in hiinwuv '*•' '* In .ulditi.-.u. ir lus J.., 
>nmvtl;ue i. i>rne:il rckjcucratiot^ : . mi nun m 
to iiKic;uc U'usile su'en^idi in ir.. wqu 
dat.\ voilocted from clinical trt.:- J.-inuruo 
etVcciivoncvs of EGF nccessicue.i :<»ul{ipjc d; 
i;i lii|uid vehicle, such .is saline, a.^ u<ctl;.. 
need of ^ chicles that could .subiliic ihe peptic 
<pacial lnealiz;uion.** ■ The importjiu'sr t«th 
wliii'le in c\OL»enau- c;rowth r'aeior ihcra 
cleinonsnateil in sever.\[ Mudies. Lnnbjyf.im , 
(tv.u the couuollcd delivery of ECip ;'r<im 
enhanced the healitij; of full-thicki;es> skinwo 
pariu^n to bolus peptide admini.«tratioii. Altet 
longed re!e,isc ot EGF was iichiewd hy con] 
with a polyethylene ixlyeol chain -.mJ rhe.i enc 
pegylated growth tactnr u ithii) polyil;wcic-co- 
microipheres. The polyodn lciK- ^^y;^^l (l*EG) 
enhanccil the EGF stabilirs \n ith»n xh: poiy{D 
>;U culide) (I'LG? microspheres and :v.lueeJ thi 
effect,-' To ensure the proloniicd »«int.ici of D 
wound site necessary for signaling. Kuhl andGr 
tle^ietied a controlled liefivery >vMrii: by techei 
de.vibie \\ater->oluble polynu'rit sp;K.'ri onto. 
strate.TiK* i;n>\vrh faccor reratnevl iiN .uii \ir\' atk 
e ill it bodi nutogenic and ntorplMloitical cha 
tested cell cultures. * 

Basic fdicobh^st gvowth factor i-i a <u\^< 
(Ift.UUO Da) composed of Mi> ;unino aci^is m 
prolifcrattOJi. differeniiarion. and iutn;ciom ot 
funeiions in cells derived from clu- nie^oderui a 
toderui.'" It is a potent .-uigioiiernc facior I'lj 
r/rr.' and »> niitCfijeuic and elicmo(.u'civ tor 6b| 
eiulothclial celJs."' Administration ofexogwouj 
been proven beneltcial tor the healing of acme! 
ic wounds in auinvals and clinical trials. Ho\vrt 
ECr, tuAjor iimit;nions that prevent tb.e clinical 
of bFCF for the trearjuent of actitv and t'l^fO' 
ineliuic irs >u\Lcjnihility lo enzyniatic .^nd chfrrr 
tion. it^ short reienrion time at wound wtes. and 
an ideal method of admii)isirauor>.' A ni'i'^ 
trolled delivery vehicles have been developed tc 
the shorteomiuiis o( bFGP tlierapy in ^ ^^^^^ 
Slavin et a(" reported thai topical 

A 

eucapswl.ucd into red blood cell i^iiosn cNCiicfl 
elTevi on inciiional wound strengrli in rats, h^ter 
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ET=90.0 + 22,3 



ET=112.2 ± 12.9* 



J.ftur6 I. Effcaof a bFGF hydrogel on partial-thickness wounds, (a) Deep parxiat-thickness wounds (10 mm x 7 mnr> x 
-•^a«irnm<{eep) were made on the back of pathogen-free fenrvale pigs. The treatment groups included polyethylene glycol- 
hydrogel saffolds releasing bFGF. The concentration of the precursor solutions (volume of 100 was [PEG- 
^«vttmaie] = 0.18 g/mU[heparin-nltrocinnamate] = 20 pg/nr^l. and [bFGF]= S g/ml.The solution W2s placed on the 
ftlhi?* ^ crossltnked to a gel film under 90 seconds exposure to 365 nm long wave UV irradiation. 

bfr?^"* biopsies to assess the epithelial thickness following treatment of deep partial-thickness wounds 

^^^^PrGF-nefeasIng PEG-based hydrogels. Panel A depicts the epithelial thickness (ET) of the completely epithellzed 
after 4 day^ of treatment with bFGF- releasing PEG hydrogels while panel B depicts the epithelial thickness of 
^4arthmi!fc ^^^^ t»^ated with bFGF-releasing PEG-heparin hydrogels.The results Indicate that the presence of 
^y^r^.'nijht potentiate the activity of bFGF leading to an Increased epithelial thickness. 

f^^on in healing nx^w only observed when the red 
were used as a vehicle for the slow release 



wound siccrrhc unique □bilic>' of heparin 
?K}F other basic polypeptides has been used 



CO develop drug deliver)' systems for the controlled release 
of hcparin-binding growth factors."^ For example. 
Gospodarov.icz and Cheng** showed thai acidic fibroblast 
growth factor (aPGF) and bFGF coupled with heparin 
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were piMicctcd iVoni heat and .icid dcactivntion. \v\u\c 
Vetnuri ct al*' reporrcd chc scabilizatioa ot' bFGF iu 
presence ofUeparin at high lenipcraiurw. Edelniaii ci 
deinonstraicd that the binding of bFGF to Ucpjrin- 
Sopbaro50 bends allowed prolonged ^toraj^c in a nncros- 
pbei icnl coniroHed lelensing nMtrix, while Sakiyani.n-Elbon 
amt HubboII'' reported dw fibrin- heparin nvitriccs ciin 
«ahniKe nerve re^cncnition by coiumUing che release of 
bFGF at ihc injury site.Tliey alio iti(tic;ited di;U the bioav- 
tivic)' of bFGF depends upon its release kinetics. DelJlois ei 
M*' also l>a\'e tuilizt'd the hLparin-bFGF binding nfViiuc>' to 
design coll;ii:en-b;iscd bio.Ktivc maierjah for coniicciivc 
tissue repl.iccnieni. The rapid cleanmce rate of rhe bFGF 
from the injured site also coutd be augnu'nced by iu com- 
plexation via elecimstaiie interactions with other polyioitie 
molecules like gelatin.'* Sinularly, work performed iu our 
laboratory cortobovaces the significance of the vehicles 
properties and the potcatiacing effecr of i»ep:inn on bPGF 
acdviiy and its a*lcase kinetics/* Phoioresponsivc PEG- 
based hydrogels were prepared from the crossliiiking of 
PECJ-niirocinnanwte poJynwrs upon short exposure to 
long wavelengili UV irradiaiion (365 nui). The rate of 
release and activic>" of the encapsulated bFGF wa$ a func- 
tion of scaHuId properties (eg, crosslinkinp densiry), licparin 
content, and growth factor loading concencrarion. 
Prelinitnary ifhvivo porcine studies den\onstratcd the feasi- 
bility of iIk bFGF- releasing PEC hydrogels as favorable 
wninid liealing dressings (Figure la) and the cflectivencss of 
lieparin in stabilizing bFGF (Figxire lb). 

Exogenous PDGF delivery for chc ueucnicuc of acme 
and chronic wounds has gained much nitention ni an nUer- 
native wound healiny thcnipy. Pbtclct-dcrived growth fac- 
tor 30, (XK) Da) is a dinieric protein composed of A and 
B chains, each one of which is matle up of n»orc than 100 
amino acids. Platelet-derived growth factor is released fron\ 
platelets, macrophages, endothelial cells, and fibroblasts, 
which are all iuvolve<l in wound healing. It is yinong the 
first cytokines to reach the wound site as it is rtMcnsed from 
the alpha granules in die platelets, acting as a scrong mito- 
gen for fibrol>ta.sis and potent chemoactractam foi 
macrophages and noiurophils. It is the only commercially 
av-jilablc. topically applied growth factor that is approved by 
the US Food and Drug Administration (FDA) foi die treat- 
ment of diabetic foot ulcers. Interestingly, the polypeptide 
product, Regranex (Johnson dc Johnson Wound 
Management. Soincrvillc, NJ), uulizes a gel formulation 
(0.01% recombinant PDGF-DB in a carboxymcthylccllu- 
lose gel) for die delivery and stabilization of PDGF** 
IVcgranex therapy has also shown promise for the treatment 
of deep pressure ulcers in 2 separate clinical, randomized, 
double-blind trials. 

Since single growth factor therapy has not been uni- 



formly sm\e>sud for the uv.t; inn; 
wounds. c<unbin.i(ion <>r ^equ.r.ii.il vytofc 
been pittpnsed. Lynch vi al" d.m. imr.iti*(l 
natitMi of POGF .ind iiKulii; -..>. ^crowjh 
w i'i inojv i fKviivo than l iilu-i >;.»-.vih f,..,^ 
ini; p.u ci.d-l!uckuc>s iK'nii.Hoi -t :i-.>t-j -vx 
ijUint Nftidio. l.ynch ct .il' • . u-vd dwi 
effec: i»f I'l K\f-2 .uul l< IF-I » i irtisU h 
wouikU w:ix opnmal .M a r.iii o." >:( 
.jppliiMfiiMiN of CGI- and m\s ,n :'n!unci 
^v^pon^^.• nl 'dl.dx-tic I.K* .in fl -Oi\\\ [yy ^ 

\u»MnJ ^oll.ivzvt) <;.n.>b(»liNm. " S. 'i»-wiiaiia 
.<fr.uvd :h.\t the locd aj^pli^.m , "I tramft 
ficior |)1 {TGF-fW; and \Cl I f.^n ynKI 
ttn mei.dlic impl.uu^ .u'celcinuv. rrj,,'!urc I 
widtom ''ysicniii' eOVc(>. FlisNtvfi' vt .»t''rcyoi 
y^tyUx- K'liWt i>f c<^-Jelivcrit\v: !GF-1 .m^^ • 
polyd.iv'tiile -l O-uKvolid*.-) nut ro-phvro t\m 
l.nctl within liydrogvb in *.-.tvnU^;c 
Richardson ct al" de<crihed the tlu.i: co-doli 
lar endotholia) gum th tactor (\*l:CiF; atkl I 
single pulvmer notw<M*k ilv.u rvsulcd in then 
\A' .\ v.Utul.u Ht'Cuuik.TlK' \ .iNctii.ir .l(.'vt'lopin( 
vhu! ilcliwry uf thi^ growth fuii««'> 'a:i> >upcf 
l^vtiwth f.\cu»t trc:iuncnt. IVauK- i-: il" d;.*jni 
hy.dtunnif acid (I i.A; lud a '.yni ivi^ii.' eiVocti 
ijcmc .ktiviiy i»f bFGF orV'Etil' rvk-.^cj (m 
HA tthns (II .1 mouu" nutdol. fn .* ep.iratt* sn 
al'" re|H>ifctl di.it the i<t-dolivcr\ .>f kcr.«iix 
f.utnr '.KGI"} nnilN'Ul'iF \\otu Uy.uwonk .u'id 
uel UUu< prodircod un-Mtot jnL;io\;cnic 
ct>lUJMri^un (u oid^cv l.u ior Ivinc J;'Hvt'fi.'d al 
.jb^oiu'c i>f .t whick*. C.u.i cf ,d' ivp:MC-.\l char { 
ciiin .»f riKJF^lill jiul hr(;i* in vM m\k\ M 
iwhvn»ic i>u>d«.'K ^ynergi^iically iui.^ ccd subic 
work': r^>r more than a y».ar ov^*n jfr-.-r die ^lep 
^it>v\th :.K tov««. Tln.ir coinlnn.uoj vfhvi was 
iniprowd mvr the angiouenic iv«.p<M>M- or each 
tor .HTiiti: :ilonc.The>e TvjMMtv lni:hil;^h' llv.' in 
devL-liipiiii; dt hvcj y >y.\c«.nt> ih.u ts:iild vckMSc f 
it>r< preferably .n di>tiru i time itucr alN duitnii 
I'lVf release dtu ini; natur.i} lisMiv iVti^iurafiati. 

Bacterial Bioftlms 

In njuiiv. hvc -rtoiuiiJi; (vi pbnktonik ' IWteriJ 
to .itui colonize surtiu c^ ;ukI form Iv.i.tcri.d 
aw i «Muplc.\ suuciurc\ i-on^ivting micn^bia 
celK cmbcdvled in a Nclf-produccd e^iraccllnbi 
hydraled csir.ipniymvric uibstanccs :EPS). wliit 
vcrsihly anacht-d to biological or nonhiologi"!* 

Our t.jh()r:uoiy has suuJied the efjVct^ uf^'"'* 
ciobi.d ai;». nt> un both rypcs of b.u ttM i;jl plicnotVl 
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vvrnk th.ii ivsulti j Ml the npidj 
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iiiiioot. IVjtti/ v't A- (Icini 

li5f jmihWI. Ill .> >Vj>ar.it«r stud);'^j 
the t-o-dcliwry of kcrjtino 
I'ECIF iWuii liy.iluioiiic 3Cid(F 
il the trri'.)u-sf .iM^'iogeiuc 
icr I'u ror boir.j: Jclivc red ilo«| 
Iv. Cno 01 al'' jviH»rtcil that lh<.( 
' anj bPC^F i:i r.tt m\i\ mbbit ( 
."iKri'i'icif.UK .n,.h»-.vJ iubic vaj 
;ti> ,1 yc.u" v\V:i .Htor ilitf dfpica 
K'ir comlMii.ui'ry ,*ll"ect \V3$ sg 
.niylni»tM:-ii- ropojiNC nt'cacbj 
liesc IV ports hii;hlijihi the i»n 
\ UNti'iiis (li.it i iniM rclLMwmtfi 
isiim'c rijiio inu rrth tlui niinuc 
ii.itur.il tissuv rcjiviKM.icion. y| 

iims 

Miinj; (i>r plaiikionn.) l>3Ctcrtt ^ 
Kilv^ .111(1 fonit hiufi-riaj bio 
liin*v coiwisjini; of iiucn3bi 
.» vcir^pnKhkcJ cMi-iiccUula^l 

bi(ilogit.){ in iioi;hiologiai » 
stiidictl cho cliccts of V2ii<^ 
^th tj'pi's oiKiitiTial phcno^ 
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^,figLat 1 8Tecc of TAO (triple andblocic ointment) on Siaphyhcoccm aureus planktonk: and biofllm cells (log CRJ/mL). 



E^aaiciTnus biofiliii) ming a porcine nioiiol. In ilic porcine 
^^rTiTWJid model, plaiiktonic Uiccern «n be studied by inoc- 
r^j'olmon of wounds with a known .intyunt ofp.ifhogcn fol- 
ir-fcwcdbyimnwdiaie treatment (within a 20-iniiuiic period. 
|i-'!)'^hik »hc bacteria .ire still "free floniing") with antiiuicio- 
l^^uit agcnts.To Jtcudy the effect of agents on biofthn bac- 
j^ticm, we illow the bacteria (u colonize for a period of 
g52+-72 hours. These wounds arc covered for »hc dnration 
Ji a poiyuiethane 61m to allow the bacteriu to firnily 
;(faKh ind establish a brofilni. After fortnjtion of the 
^iliofiim. die polyurcthanc film is removed, .lad treatments 
|;!trc Implied directly to the wound. Using both of these 
g>odeb (pbnictonic and biofihn). wc found that ,m ovcr- 
;^^-counicT triple antibiotic ointment showed si|;ni£ic.ini 
''>^cbon in planktonic bacteri,i with complete emdicaiion 
iby48 hoiin (Figure 2). In contrast, ii cook several days to 
a modest log reduction in b.ictertal counn, .ind com- 
of iHe biof.lm b.ictcria was „cvcr achieved. 
P^a&om this study suggest clut coniinuons treatment is 
J|««W to reduce and. possibly, eluninncc bacteria in 
^^ndswithcstibUshcdbioGlnu. 

i^^^^for iniimicmbial resisunce within biofDms 
due to close ceU-ceU conuct that permits bac- 
i^^/^^^ ^^sfer plastnids CO one another. 
S^^^^ can encode for rxtsisancc to scvccxd different 
^^«ecnt$.- AnoUicf factor contributing to cesist- 
*««ing. which can aid in signaling bacteria 

|VOUND CARE, 4th Edition 



to adopc a .duw-grovvini; state when placed in an environ- 
ment with adx'crso gmwdi conditions. When in this .state of 
intcrnussion. bacceria are less susceptible to antimicrobial 
•itLick." The biollhn .ilso provides physical protection to 
bacteria, since nio^t aiitiniicFobi.iJ agenii .ire ineilectivc at 
penetrating tlw biofilni.This serves to decrease the conccu- 
rration of .tgcnts tvaching the bacieriaJ cells within the 
biofihn and, as a consequence, the e^lJcacy oftlie agt^nts.'* 

Biordnvs also appear to have an antiphagocytic propcrrv'. 
which renders white blood cells present within the matrix 
incfTeciivc.'" There appears to he an additional componeju 
within the polysaccharide that ciiactivatcs and traps com- 
plement and host antibodies. These factors lead to an accu- 
mulation of host innnune factors, resulting in host tissue 
damage and chrviiic iiiQanunation.'- 

Potential Ways to Remove 
Bacterial Biofilms from Wounds 

There arc 5 main ways to possibly prevent, reduce, or 
treat biotiUns. These inchide I) preventing (l\e bacterial 
actaclnncnt, 2) prcvettting biotilm formation, 3) disrupting 
tlio bioGlm to allow penetration of topical antimicrobial 
agents, 4) interfering with quorum sensing, and 5) enhanc- 
ing dispersion of bacteria fron» bioillms so the planktonic 
bacteria can be njorc easily destroyed. 

The study of prevenring bacterial actachmenc has been 
aroimd for a long tunc, especially in dendsiry.Thc attach- 
nicnc and colonization of subgingival sites by bacteria is a 
cridcal step in ihe initiation of periodontal diseases. 
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Figure 3. Effect of lactofet rin, apo-lactoferrin. and lysoiyme on Stop^ytococcws aureus biofrlms (cell counts and opt 
density); 



Hii\\v\vi', \ .iruMt> »'\nu)M>iniil> h.iw hoi'u >chviwi> u* stj^niti- 
C.iDlly ptt'wiu ,iM:u Iiim*iM of UrtcuM i;j to the Ntii huo n! 
icifih.*' In orihiipciliv" s«fi:vry. Uk* we;«mvi)t txl* 
lifviies vviili .iiiriiiih i-<ibi.il i Oinj.HHiiK!^ Iws MKVrN>liilly 
iv^luctrJ h.KU'ri.il iuIlu-MOU. ' )t 15 plausihU* l<> inuunu* 
rcthu'iion orb.u (ci i.il v nloni^.tuon bv (i»pic.>) .li^cntv. which 
.ire applied (*> .i woimJ .ilu-r svounii IkJ pi\p,uMtit>n. 
However. i}w ct'icci of'tlir^f .»gt'nt<. ou ihc u'ttiuui lic.tlini: 
pi'occss wuitUI ;il><> t\K'\.\\ u> he cx.nuiiicil. 

We h.i\v recently .niidicvl ihtr cfTcit ol' !.uU)U'n in. .i i;ly- 



iTOpaMein ili.u hcloii^- fn rhc nnn tr;mN|i<>rf«.i i. ;uiK 1 
pio«ein {\ fotiiKl ill nnlk ;hk1 cxu< fi{K" vi *. t\ t,i>.i< 
rel;'n^c^l by iunin\>phil< lUn ing tU-j;r.imil.}iii>n. A.Uu'i""^' 
it h.K Ktm <Ih»W(i to Imvi- .inninicrohul ,uui .t)ii:-Miil»ii^ 
tory pioporiie>:. ' Kceonily. Lciorerrin h,i>» iu i o mw»ii 
fj .1 ptKsihlr t!t;i{i»\i-i 11 fV^r humliii tormitUM. I-.trlviO 
io- h.jxe vleiHonNti iiCvl u< viulity in |M\-vcniinL! / '•»<»».•*"'' 

irnni |orniin>: i>i<)lilnu. Houvvcr. the p^^>loil^^ i lh*^' 
cstuhlishi'J hiisljhns i-s k*s.> impressive, " The j>n>jMi>cJ 
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- L. h bcrofcrrin bioDUn for.nocion 

«>y 7'^ i^n which in turn ^a^^cs a low iron 
' ' u rr^ria 10 "nvitch;* ihcrcby Inhibiting l>ac> 



P^-'^Tn » Rcccntjy. our gronp examined the cffcci 
^^^fcrriii (the iroivdeplctcd form of 
P^^T^^jCrymc (on enzyme ch;« on dc«rcy bu- 
ij found in die muco>nl luenibranos) on 

^^Tolitiini hum^n form 5upi>licd by Vemria 
' "l(Saci3mcnto.CaliO.^'Usii.y«rliwIdon$it>':« 
... fnuiid thai Iwih rcconibiiwm 



of biomasj. \vc 



• ^ (fn by 45.5% and 49. 1%. r.^.pcciiNdv (Figure 
l^^rme-tKiKd bacteria showed iiisignilicjiHiy loxvcr 
liLi^formioon dian the concroL Uodi bciotcrrin nnd 
^'^Ufcoferrin showed small bm «iEtutk;«« decreases in 
C^^f biofilm-associawd cell couMs ;w vvvll. Tills indicates 
JamthcjcJabJtanctt appear to have an inhibitory efFoci. in 
10 bactericidal effects, on biolilin production of 
l^i^i/iirtwsi* However, it is unclear if the reduction 
l^riabiofilin maw was diic to the deercise in cells present ur 
iiSffa effect on ihe biofilm. From chew results, one might 
. cffluKukihat lactofcrrin wouKt be elVoctive tor the ireai- 
itJinfl of chronic wounds. However. eoiuroUcd eUnical trials 
mil oogoing. 

I> The idea of disrupting .m established biufihii is attr.ic- 
tnt.Thjs could be accomplished in a number of ways, 
i' lbdodiiig physical methods and/or the application of top- 
UtcA subitances. Poccncial physical methods include 
!^_^4eMdcsnent. elearical stimulation, and iihrasonic disrup- 
? litis. In addidon to removal of the bitcteria and che 
^^^rbtofihi, debridement aids in the removal of necrotic tissue 
l;iji|^ca which bacteria thrive. Electrical siinuil.uion ha.s been 
{'?.'.°*d throughout the years to uwist penetration ot' various 
g|topical agents. For example. elcciropOMtion and e!ec- 
l^tnophortais have been shown to enhance the penetration 
^IW" 1 phoioseftfttiier.*' Therefore, it is conceivable that 
^^Icflrieal currents could aid in (Uc delivery of topical 
pjmniucrobial agents through tlie physical ).irrier provided 
gjW the bio6lm. The use of enzymatic agents provides an 
^^^'^ ^^^hod for the penetration and disruption of 
;«ofilms. Enzymes can be used itt combination with lopi- 
^^wtinucrobials to help facilitate the antimicrobial 
"^on on the bacteria within the biofjhu, 

MtJicr way of preventing or possibly reducing biofilm 
^ 'n ij wtctfering widi bacterial cuuuininicaiion (<pio> 
}^^^^^' example, Pfcudommns acm^ttwa imparts 
l^^.»a^!f ^^<^nce factors, which can be acrivat- 
^ qiionim-seiiMng based systetm, 

m^"^"^ <juinolone sigitaUPQS). Studying ?Q%\ 
. rtguUtjon and virulence in P aw^i/ioui 

ISy* tat^ct Uwnipcutie agents aimed at 



dccaMsing ihc pathogenesis t>f this b;ictcrimn.** 

Finally, factors that control bacterial dispersion are now 
being closely studietl. Cells th;u become dispersed ,uid, 
iherelore. ;tre not living in a biofilni state are easier to erad- 
icate. A receiil saidy has .show n clut \iispeTs;»} of Pscmhwofhts 
iwruxhwd (PAOI) from biofilms is induced by n sudden 
increa^' in carbon substrate .nvailability, .Additional knowl- 
edge ofxignal tr;msdiiccioii in Kitjlllin dispersion by screen- 
ing orUirtcret\ti;d gene expression and phosphorybicd pm- 
teins uSMH'i:ited with di^persioit wvav ofler new L-^rgecs for 
the [ivatmeni of biolihn-rcbicd intl'ctiuns. This could ulti- 
m.iiely guide us to the deeclopmoni of novel approaches for 
biofilm control with clinical applications.'"' 

Conclusion 

The development of sophisticated delivery vehicles ii 
critic;\l in augmenting the vU'eciivencss of exogenous 
growth factor therapy in tissue rcp-ur. Strategics to dehvcr 
growth factors need to cotisider the complex nature of dw 
damaged or injured tissue and be responsive to the diiTer- 
eni stages of the healing process. One of (he hnutations ol 
current growth ihc tor delivery vehicles i.( that they all 
Uh-us on single peptide delivery. However, it is clear that 
con^binatiiws of growth factors or the setptenti.d delivery 
of uuiliiple growth factors dui tnimic the endogenoiis 
growth factor release profiles during nornui healing nvay 
well be the future .mswer to ;iccelerating the healing 
process. Along wich identifying the key biological signals 
triggering the ditfercni stages of normal or chronic 
wound healing, new technologies that are focused on 
delivering nuihiple gn>wth factors via polymeric vehicles, 
gene expression, or cell transplantation haw become a 
critical area of research th-.u will play a signillcant rtile on 
the success of exogenous growth factor tl\erapy in tissue 
regeneration. In addition, the use of welt controlled ani- 
mal models to study the eflfcctivciiess of these delivery sys- 
tems is of utmost in^portance. 

BioQlin tbrmadon in wnuiub m:»y be r\;sponsible for the 
duntion and infectious complications of vMrious t>pcs of 
wo<.uuls. The presence of biodhus also a'presents a nujor 
ob$t.icie in ctiective tniatiueut. Many stvdics inve:irigating 
treatniencs for biofilm formation in c}m>nic wounds aa* ongo- 
ing, but more arc needed. While Ui-vhro study of novel 
appro.iches to control or eradicate bio61ni fonnadon are being 
performed, m-vu>o testiiig Is nccessar>- since various factors (eg. 
wound fluid. praiCivscs. growth fictors) need to be taken into 
consideration to detcrmiiie the true ctficac)* of these .agents.'" 
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Take Home Message for Practice 

• Good delivery systems are essential for effective 
active agents and a variety of substances are available. 

• U is important to understand how biofilms may be 
involved in order to prevent or eradicate wound 
infeaions. 



Self-Assessment Questions 

1. Vehicles .irc use J tor tlw tolUvwing fciV'wijw: 

A. Pitnon m iivc 3t;cmi Troin bmrniiuj: (lc:icti\'aied 
li. ( ?oiun>l the delivery r.iie of rlic uctiw ;iy;tfm 
C*. Mukc cUc .leuvc iigcni less :»aivv 
0,f\ mi\ tj only 

2. ISiofilii) iV)rin;)iion involves nf clir toJIowini; 
EXC:CPT: 

A, Atiaeluucm to a swrfKu 

\y lV(><1iti tioi» oi'n scH-protfucvHl cxnuccilubt' inncrix 
C:. Only planktonic bactoria 
O. QuoruD) sensing 

3. Optimal vehicles ^ho«til: 

A. \\c coiiip;icible with the ikm 

B. He nontoNlc 

C. Uc de^ivjncil to release the ;>eti\e a^eiit m i\ eoncrolled 
r;}|c 

I> Sc:ibiii'.ce the enibcdUevVcnc:ipsul.Uetl ;icthc iigciu 
E. All of die .»lH)ve 

4. Quoroin >cosing ii: 

A. How the b.icteri.i actjcli to entli »iilicr 

(i. HoN\- b.K tcri;i comnmnic.\ic ou»!(i)^ly or hoc 

C. How baeteri:! ,tre killed by m.jcropha^es 

D. H;»> nothing to ilo with hacieria 

5. Cl.ijiktonit: bacterid) refers to: 
A. Bacterid tlwt need food 

B- H'.^eieri;i tli:)i .ire io larj^c lolniiKs 

C. B.icieri.i th:it ;ire free-liviru; or tlo.uiiu; 

D. U.icteria th;>t are ready to die 

6. All but I of the following factors nwy coiuribute to bac- 
tcrhi biottlnis' aiuibioiic resistance: 

A. Quorm»i sciutng 
D. GcJiciic altccnatioos i\\ bacteria 
C.Thc seir-prothtctfd cxcrncclUtlar matrix acts as n physi- 
cal b.»rrier 

t> Electrical fields created by the bacteria 
Aruwers: l-D, 2-C. 3-E. S-C. 6-D 
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Objectives 

The reader will be challenged to: 

• Integrate decision-making strategies for topical dressings into clinical practice 

• Categorize dressings by topical wound care goals 

• Compare topical wound management strategies based on the topical wound care objeaive. 



Incroduccfon 

Arguably, (l^t•^>ill^tk•cisioll choicer present the dim- 
I ijfi with one of the greatest and nuw confmtng 
(-h.i})cngi<^ in wound care. It is estimaieU ttut tticre 
.ire more tli.it 2.4011 topical dressings ix'aibble to assist in 
healing a wound. Some cliiitdans would argxie that the 
choice of die i<.>pjcj| dressing is one ol the le.nsi iinporl.iiit 
avprciN ot'provj^ling gi>od wound care. OiIhtn would assert 
that the nitKt iniportaftc aipcci of wound care, especially 
chnMiic wound care, is the idcittifjcaiion of wound he.ding 
f.ulurc. If the clinicijn cm correctly identify why a wound 
i> Jailing ci> heal, the appropriate strategies to correct this 
can l>e developeti. l-i>r e.\aniple« wounds that arc ischemic 
\\\\\\\ haw ,ni inijTOveniern in circulation and oxygenation 
in onler U) fienl.This can be accouiplishetl through revas- 
cularization pr4H;edures and perhaps hyperbaric oxygena- 
tion. The plantar ^tid'ace diabetic loot womid cjn liave the 
hcM iiipical care. ye( if it i% not offloaded, the repetitive 
trauma t>f walkuig will likely lead to failure to heal.Wouml 
healing i^ a complex proces\» involving strategies that 
address the niiderlying eiioiogx- (or etiologies) as well a> 
NtMiegies that opiinii/e the host and wound environments 
for healing. Dressings are one of several incervetuion> thai 
will be rei)uired lor each ittdisidual with a wound. 



Oro^ingv do not heal woinniv; properly selected dressings 
enhance the body's ability to heal the woimd. 

'Hie ide.nl drevsing keeps the wxiund bed moist wliife 
keeping the periwound tissue dr>'. It removes excess exudate 
but diK-N not de\icc.iie the wound. It provides a barrier 
against bacteria .ind partictrlate matter and aUows for gascons 
exchange. Creation of die opiijnal wound envimnnieni is a 
benelit of appn>priate da*ssing selection. Appropriate da*ss- 
ingN increase healing rates. They reduce pain and decrcxu* 
infection rates, l lie appn)priate dressing is also cost efTeciive 
and atrofxlahle. Tor (uriher information on dressing perform- 
ance parameters, see Chapter 27. 

Inappn>prtate tlressing selection allows the periwound 
to macerate. In athlitton. (he wr<nig <iressjng caii lead to 
tape tears due lo inappropriate methods' to secure the 
dressing in place. Inappropriate dressin(j^ often increase 
p.iin. An inappropriate ilressing can also lead to slela>\*d 
womul lu-ahng rel.ued to wound bed injury, hypcrgranu- 
lation, i>r dehytiraiion. 

Many strategics have been ileveloped to assist the clini- 
eian in making deciMon> \\s to what dressing to apply to 
what sv(nmil. (*levcr systems that make recomniembiions 
based on the cohu of the wotnul bed have been devel- 
oped. All of then* various decision trees help the clinician 
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Figure I. Optimizing the moist wound healing environment 



navigate ihc ina/c of {{)f)icMl wouiui ore ilrcssin^ th.it nrc 
now 3vaihb!c. 1-ach of these Jcci.su)ti ucos Ii3\ tncrii and is 
woiihy of study by iltc clinic i;in, 

Snuply rcfcrrvd .isThc DrcN^int; DcciMonTrcca deci- 
sion (rcc developed by the aiitlu>r ukes uuo Accoum ,\ vari- 
en- of goals chat the cliiucun iij.iy wish to accomplish 
throu^ih the selection of t(>pic.W dre>sinj^. The 3 goaU of 
topical care include; 1 ) optimization of the moist wound 
cilvin^DMienc 2) W(Minif nianipiibtiori and stabiliz.itioi). 
pressure redueiion. ^nd etieiiu iiiaiia^eiueni: 3) activation of 
the wound environment; control of infection and 
bioburden; and S) quahiy-of-hfe n»>pT4>venient. 

Optimizing the Moist 
Wound Healing Environment 

One of the most injporcmi tenets of wound care is 
optinnzing the moist wound environnjcnt (Figure l).The 
original idea of moist wound healing gained prominence 



with the work of Ur. George Winter s publication in 1963 
on the eftccts of air drying and drejisings on the wound 
surface/ While the idea wa\ not new. it was perhaps tlie 
seminal poblication that explored the benefits of moiM 
wound healing. Optimization of the moist wouml envi- 
ronniciM considers these tenets and i^ the primary oli^*c- 
tive in topical dressing decisions. 

The categorv- of dressinp incUided in wction com- 
prises passive drc>sinp that adtlrev^ wound iwoes of too 
niuclu not enough, or the apprx>prj3te amount of moisture 
in the local wound envin^nmcnt. These drt-ssjnp pruvide 
topical wound care but do not cause a specific action to 
occur on a cellular level in the wound. These drewings serve 
4 Unctions. including absorbing wound drainage, protecting 
the surrounding tissue from excess moisture, luaintainiug a 
moist wotind, or contributing moisture to a wouiul. 

Frequently, chronic ssotmds are ilrst seen in a chronic 
inflammatory phase. This may resuh in the w<)und being 
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exudative. As such, the goal of dressing selection is two-fold: 
to absorb drainage and to protect wound margins front 
niaceration. An adequate dressing that absorbs excess exu- 
date would help to protect the wound margin; however, 
wounds that are highly exudative may require additional 
protection of the periwound area. Most commonly, the use 
of moisture barriers will assist in accomplishing this goal. A 
wiety of moisture barriers e.xisis. and selection is often 
determined by avatlabilic>'. Perhaps the most common bar- 
rier is zinc oxide. Other moisture barriers include dirne- 
thiconc and petrobtum. Dressings may also provide protec- 
tioti of the periwound area. Film and hydrocolloid dressings 
provide structural protectioti from both moisture and adhc- 
sivcs.A Hnal dressing st rat eg>' that protects the wound mar- 
gin i* the use of negative pressure wound therapy (NPWT). 

The second goal iti the management of exudative 
wouiuU is the absorption of drainage. Several dressing 
options will .issist in meeting this goal. The most connnon 
dressings for exudate control are bulk gauze dressings. 
While these will perforni well, disadvantages to using hulk 
gjiize exist. The prinur>' disadvantage is that once maxi- 
mum absorption is reached, the gauze acts as a wet dressing 
and actually may increase the risk of maceration. 
Consequently, dressing change nrgimcm t>'pically require 
tile dressing to be changed 2 or 3 times per day. In addition, 
dicre is concern that gauze may produce lint that remains 
in the wound, causing an inappropriate inflamniator>' 
response to foreign debris, or that aerosolizes, causing the 
dispersal of microorganisms in the local emironnient. 

Alginate and hydrofibcr dressings are excellent exudate 
absorbers. It is estimated that alginate dressings may absorb 
40 times their weight in wound fluid. AJginate dressings are 
older dressings originally nunufactured from seaweed. Due 
to the calcium content of these dressings, they also make 
good liemoscatic dressings following debridement. One 
hydrofiber dressing is available. This dressing is used in the 
same manner as the calcium alginate dressing. Once in con- 
tact with wound iluid, the hydroBber dressing converts to a 
gel. ensuring a moist wound environment. Removal of 
these products is easily achieved through wound irrigation. 
Both alginate dressing and the hydrofiber dressing require a 
secondary dressing. Appropriate secondary dressings may 
include gauze or sponge dressings depending on the 
amount of drainage. Daily dressing changes are usually 
required for alginate and hydrofiber dressings. 

Another class of dressing that can be used to control exu- 
date is the foam dressing. Numerous foam dressings arc 
available to the clinician.The more desirable foam dressings 
are those that wick fluid unidirectionaUy an-ay from the 
wound and do not wick moisture into thc-foam except for 
the area where the wound is draining. Foam dressings are 
versatile. In addition to absorbing large amounts of 



drainage, foam dressings also provide insuladon to the 
wound. A $econdar>' dressing to keep the foam in place is 
generally required. Newer foam dressings arc lined with sil- 
icone to pnrvcnt traunu at wound dressing change. 

Another strateg)* to control excess exudate is through 
NPWT Negariw pivssurc \\x)und thcQp\' wrks by appKing 
a K>acuun) to the wx>und and therrb\* removing and containing 
excess moisture. Pouching is an older technique that allows 
excess ut>tmd exudate to freely drain into a pouch. Gauze 
added to the pouch nuy help contain the fluid, pivx-cnting it 
from leaving the pouch. 

The third use of pa.uixr dressings is for die maintenance of 
an optimally moist woimd environnient. These wounds nuy 
haw minimal or snull amounts of dminage. For those %vounds 
with some drainage, choosing a dressing vnth some absorpriw 
ca}>abilic>' may he necesvary but not to the degree that wouW 
<H*cur with the divs-sings used in highly exudative wounds.The 
use of a highly nbsorhent ditssing may actually desiccate a 
wound. If there i$ no exudate, a film dressing will maintain the 
moist enviromnem. An adv^mtage of using a film dressing is 
that the wound can he easily seen because the dressings aa* 
transpaivnt. Fihns are gas permeable and allow for the evapo- 
raiioti of some moisture. These drejisings are also good n»ois- 
ture barncrs atid function as secondarv' dressings to secure 
other da-ssings while prewncing motstua* from coming in 
contact with the primar>' dressing. Film dressings are also 
excellent in repelling environmental debris and din. Film 
dressings tend to be ine,xpeitsive. A disadv'antage of using a film 
dressing is that it nuy be diflicult to apply To address this.man- 
ufactua*rs luve created novel applicadon approaches, such as 
windowing die film or providing a secondary firni outer lawr 
iJ)ai caji be rvmowd once the dossing is in pbcc. Film dress- 
ings can be changed on an as-needed basis. If snull amounts of 
cxuibte pool imder die dressing, a sterile needle can be used 
to carefully punctua* and express the exudate from under die 
da-ssing.Thc puncture site can be patched \vith a small piece 
of fihn, allowing nrmos-ai of exudate without discurbitig the 
wx>und bed. Film dressings should be changed at least weekly 

HydrocolK)id dressings arc also dressings that wiU main- 
tain a tnoi\t wound cnviromneiic. These dressings were 
originally formulated from plant pectin. The original 
hydrocolloid dressinp tended to deteriorate over time and 
had a foul odor. New technolog>' creates hydrocolloid 
dressings fmm synthetic materials, thus the problem of 
dressing deterioration is reduced; however, since the hydro- 
colloid dressing is generally an occlusive dressing, odor 
sometimes remains a problem. HydrocoUoids form a gel at 
the wound-dressing interface and provide a minimal 
amount of absorption. The)- protect the wound from cnvi- 
ronniental contaminates, including moisture, and reduce 
the riik of infection. Hydrocolloid dressings provide supe- 
rior autolytic dehridcnjcnt; however, as they tend to be 
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occlusive. CMC sliould be ukcii in using ihcin in diabetic 
ulcers. Many clinicians uiU avoid their use in a diabetic 
wound of the lower cNcreinirv' bccav^e of the p4)UMUial risk 
ofanaembit infection. Another concern with hydroeotloid 
dressings is difficulty in application if the dressing is cold or 
even at room icmperature. Placing the packaged dressing in 
.1 pocket or ouder die patient will warm the dressing and 
case application. Hydrocolloids. once applic<l, tend to 
adhere aggressively, so care should be i.iken iluring removal 
to prevent injury to the periwound skin. One method of 
lemovnl is to moisten the adi)erent edge wit!) a norma} 
saline-moistened gauze as ii is being removed. 
Hydmcolloid dressing change regimens are typically 3 
limes per week. 

rhe nonadherent class of dressings will also maintain the 
tnoist woinid environment. Most of these dressings h.ivc no 
absorption potential, with the exception of those dressings 
with a nonadhereiu contact layer cotnpriseti of woven 
polyamide netting with a cotton filling. A siniilar low 
adherent dressing material m.'^<le from ethylene lerephdia- 
laie is perforated to allow for the passage of small amounts 
of exudate. A secojidary* dressing, such as gau/e. is necessary 
with this dressiug.These i\'pes of nonadherent dressings .ire 
changed daily or as dictated by exud.ite. Should they 
adhere jo the wound base, njoistening witli saline will 
facilitate removal. Other nonadherent dressings liave no 
absorption capnbilir^' and should not be used in wounds 
that have exudation, unless a secondary dressing is used to 
absorb and prevent niaccration. Other nonadlieteut die«- 
ings inchide petrolatum and silicone dressings. Peirolatmn 
and silicone ilressings are mcfwl in those winmds where 
contact with a dressing may damage the wound surtace. 
H.itidling these products can prove challenging as they are 
tacky Moistening gloves with water helps keep the ten- 
dency to stick under control. Topical medications, such as 
steroids and ant}microbi:)l agents, can be applietl under a 
petrx)latum or silicone dressing. Topical inctiicatj»>ns can he 
.ipplied on top of the silicone dressing {UnU of tliese dress- 
ings require a sect)ndary dressing. Silicone dressings are 
particularly usefitl in skin rears. Orevsing regimens are 
ds.signeil fur secondary' dressing changes, not petrotatvun or 
silicone tlres«ng changes. Petrolatum gauze dressitjgs are 
tisuatly changed times per week. Stiicoue dre&^in(;^ are 
usually changed weekly 

l*he wme dressings are used for wounth with no 
drainage or those that are dr\* or desiccated. While the goal 
in nomlnining wounds is to maintain the moisture contenc 
of the wound, the goal for the dry or tlesicciied wtnmd is 
to hydrate die vvomid.The nuijistay s>f this activity is tlie 
use of hydrogcl. Hydrogel dressings come in 2 lorms. Sheet 
hydmgcl dressings arc formed hydmgel dressings with low 
adherence to the wound surface. These da*ssings eot^binc 



amorphous hydmgel with an agar. These dressmgs are par- 
ticularly tiseful in painful wounds because they cool the 
wound. They otfer a limited anu^vuu of e.Nudate absorption, 
i iydrogel sheets are biotlegradable and will deteriorate in 
the wx)iind if left in place for prolongetl periods of time. 
Sheet hydrogel dressings are changed 3 limes per week. 
Amorphou.s hydrogels are in a viscous form and are rela- 
tively connnon. Many of these products have other cs>in|H>- 
nents including collagen, plant extracts, attd trace elenvems; 
however, the f>ritnary use of antorphous hs drs^gel is to 
hydrate a dry or desiccated wound. Like hydrogcl sheets, 
amorphous hydrogel dressings 3re soodttng and will help 
alleviate pain. They are aho an excellent choice for autolyt- 
ic debridement. A secontlary dressing is always requirs'd. lb 
facilitate application of the hydrogel. applying the hydrogel 
to the secondary dressing then applynig thai dressing to the 
wound will ease the application. Tlie use of applicators or 
tongue depressors also ficiliiates application directly to the 
wound surface. Ann)rphous hydrogel should never be tJsed 
as a wound filler by itself — it should be used to layer the 
wound surface. If it is necessary to fill the womid. the use 
of hydrogel guu7e would be appropriate. Removal of amor- 
phous hydrogel i> easily accomplished by irrigating the 
wound. Amorphous hydrogels are usually changed daily. 

Another method of hydraiing a dr\' wound is the use of 
saline gaxizc These are not wet-to-dry dressings. A wet-to- 
dry dressing in chronic wound care is a debridement tech- 
nique. Saline gauze should be wei-io>moist. Inherent prob- 
lems with s;dinc g,ui/.e .^re that these drs*sstngs imm be 
changed 2 to 3 titns.'s a day. The impact this h.is otj caregiv- 
er tune and the incomvnience to the patient nuke .saline 
gauze dressings impractical. In addition, an open bottle of 
saline is alst^ known to culture bacteria within 24 hours, lb 
avoid wound contamination, saline should be iliscanled 
daily. As a resvdt. saline dressings can become e.vpensive. 

Wound Stabilization, Pressure Reduction, 
and Edema Management 

fit 

The second t>bjective in topical dressing decision 
involves wound stabilization, pressure redticiion. anti edema 
management (Figure 2). These dressings can be referred u> 
as mechanical dressings because they alter the physical 
aspect of the wound. 

The tirst issue addrs'ssed by mechanical dre^sing^ iN an 
issue frequently icen in wotuids requiring passive dressitigs. 
ie. cavernous. un<lernuned. and tunneled wotuids.The gtul 
of topical care is to fill or obliterate the dead space to pre- 
vent prematua* closure of a wound and subsequent .ibscess 
fornution. P.ickmg a woimd als(> oflfers the opportunirv- to 
remove detritus material fronj tht*sc spaces through the 
mechanical .iciion .ichieved by removing these packing 
materials, rilling wuimd ilead space will also help to stabi- 
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Figure 2. Wound stabilizaiion pressure reduction edema management. 



hze the wound aiu! prevent unticccssarv- unneiucru ol' tlu* 
wound. Hilling c.uerncnis cniprv* space in a wound can he 
accomplished with a variers* of products. For heavily exiulai- 
ing wounds, alginate and hydrofiber prodticts can accom- 
plish this while absorbing i:>rgc aniount.s of drainage, hi 
addition Jhaui ItUer product!^ arc available in fornu that can 
be placed into a winmd cavity. A conibination nt'an alginate 
or hydrofiber as a filler covered with a foam dresving makes 
an excellent clioice for heavily exudating cavernous 
wouiuU. Less exud.itive cavernous wounds beiieru fa)iM 
packing materials tltat include gauze and packing strips. 
HydnK'olloid paMc oilers a method to tlU sni.iller wounds 
that have Httle i>r no exudate and will also fill small amounts 
of dead space. Hydrocolloid paste may not be as gooti of a 
choice for tunneled or undermined woundi^ as other pack- 
ing materials. Hydrogel gauze is a good choice for niininiaU 
ly or nonexudating wounds. Damp or moist s^iline gauze 
oflers another option for packing wounds: howyver. care 



should be uken to prevent maceration of the wound. 

The use of NPWT ofVers .several .idvaniages to cavernous 
wountU. Through ihe unidirectional application of negative 
pressure, wound siabilixation occurs, preventing the wound 
frouj unnecessary' movement that tivjy decrease woinul- 
healing potential. Negative pressure wound therapy presents 
an excellent choice in filling dead space in cxudating 
wounds. The facititaiion of granulation tissue formation 
with NPWT will tlecrcase the amount of time needed for 
a wound to decrease in Mze anil eliminate the ncs*d for 
packing materials. Negative pressure wound therapy may 
jIso enhance wound closure in tunneled and undermined 
wounds from deep within these spaces. One strateg\- is the 
use of denser foam materials that are packed less deeply 
over time to facilitate tissue adherence deep within these 
spaces. For detailed information i>n NPWT.see Chapter 30. 

Packing strips oflVr the opportunity to fill empty space 
wliile nunimizing damage to the wound for undermined 
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wounds and wounds with narrow openings, such as tun- 
neled wounds. Dr>' packing strips may be used for exuda- 
tive wounds. For wounds with minimal or no exudate^ 
strips impregnated with hydrogcl or saline arc options. 
Packing materials also ofTcr the opportunity to deliver top- 
ical medications and/or disinfecunts within the wound. 
Additional fillers may be needed for wounds that are both 
cavernous and undermined or tunneled. An appropriate 
secondary dressing is necessary to complete the dressing. 
Secondary dressings may include foam for exudating 
wounds, gauze for less cxudating wounds, or a composite 
dressing that will ofTer sonic absorption and perhaps an 
adhesive border. Care should always be ukcn to avoid over 
packing a wound with a filler. Over packing exerts pressure 
within the wound and can lead to decreased circulation 
and/or a pressure-related injury within the wound. 

Edema management is the second wound issue mechan- 
ical dressings address. Edema management is the mainstay of 
care for the person with a venous ulcer. These wound will 
fail to heal without edema management. While other surgi- 
cal interventions arc available, it is the dressing that helps to 
promote inunediate edema control. Two dressing t>'pcs arc 
available in the nuinagcment of edema during wound heal- 
ing. These dressings can be classified as either sutic compres- 
sion or dynamic or elastic compression. Static compression 
dressings are often referred co as paste bandages. These dress- 
ings stiffen after application. The primary mechanism of 
action is to assist calf muscle pump action. The bandage itself 
provides no active compression so that when the patient is 
inactive, there is no effect with the exception of prevention 
of excess fluid accumulation in the extremity. These paste 
systems may be of particular use in persons with dcrmato- 
logical changes associated with venous stasis and lymphede- 
ma; however, the process of compression and control of 
edema may be more important in assisting with resolution 
of these skin changes. The frequency of static compression 
bandage change is typically weekly unless excess exudate 
dictates more frequent change. For detailed information on 
compression, see Chapter 48. 

Dynamic or elastic conipresston not only assists in calf 
muscle pump action but also applies continuous compres- 
sion to the extremity, assisting wiih edema control regardless 
of activation of the caJf pump. There arc several dynamic 
bandaging systems available. Some systems consist of 4 lay- 
ers of dressings, while others consist of 3 and some have only 
2 layers. Conunon to all systenis is a layer of elastic roll band- 
aging. Elastic bandaging systems are available latex free for 
those who are allergic. A prinur)' dressing, such as a calcium 
alginate, hydrofibcr, or foam dressing, may be applied Co the 
wound 10 assist in exudate management. Foam dressing 
material may also be used to pad bony prominences to pre- 
vent pressurc-rcbicd injury from the conipression bandage. 



Dynamic bandage syscenis arc generally changed weekly; 
however, when compression bandaging is fjrst applied, 
mobilization of largo amounts of fluid may nccessiute twice 
weekly bandage changes until edema is better managed, as 
these bandages will loosen with the lessening edema. The 
ankle-bracliial index (ABI) should be assessed to screen for 
arterial insufficiency prior to application of a compression 
system. Once applied, capillary refill should be checked to 
assess if too much compression has been applied. 

Intermittent pneumatic compression devices, sometimes 
referred to as lymphedenu pumps, and gradient compres- 
sion stockings arc other local wound management strategics 
that can be used to control edenu. Intermittent pneunutic 
compression devices generally arc reserved in venous ulcers 
to wounds that have failed to heal after a 6-month trial of 
conservative therapy, including compression bandaging. 
Pneumatic compression devices caji be segmented devices 
or nonscgmcnted devices. Typically, nonsegmcnted devices 
are applied fint.ff this approach fails, a sequential, segment- 
ed compression device may he used. Many limitations relate 
to the use of pneumatic compression devices, and thorough 
reimbursemein research is necessary when considering the 
use of these devices. 

Gradient compression stockings arc primarily used in the 
prevention of venous ulcers and their recurrence. The 
premise for the use of these stockings is that they help 
engorged veins to ivturn to a n^ore normal shape, allowing 
valves to function more normally, and for the calf muscle 
pump to be more cfBcicnt.The end result i.< edema control 
through reduction and prevention of swelling. Gradient 
compression stockings arc rated by the amount of compres- 
sion they supply Light cojnprcssion, or a Class 1 stocking, 
is generally considered to be between 20 mmHg-30 
mmHg and is primarily used for the treamient of varicose 
veins. Moderate support, Class 2, provides 30 nunHg-40 
mmHg pressure and is used to prevent ulcer recurrence. 
Some practitioners use Class 2 stockings in the treatment of 
venous ulcers once compression bandaging has adequately 
controlled edema. Class 3 or high compression stockings 
provide 40 nnnHg-SO mmHg of pressure and arc used pri- 
marily in the treatment of lymphedcn)a.Somc practitioncn 
will use high compression stockings to treat venous ulcers; 
however, donning these stockings with a primary dressing 
can be challenging. Vcr^' high levels of compression (Class 
4) stockings apply 50 mmHg^O mmHg compression pres- 
sure and are used mainly in lymphedema management. 
Despite the level of compressing pressure, most stockings 
present the patient with the challenge of applying the 
stocking. Applying the stocking when 6rst arising in the 
morning, when edema is reduced from being in a supine 
position overnight^ will nuke application easier. Providers 
of stockings have attempted to address this with donning 
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devices where the stocking is stretched over a wire frame 
to facilitate application. Other systcnu include a slick inner 
liner that can be removed and makes donning easier. Some 
systems allow for lower compression stockings to be 
applied one on top of another, thus facilitating the additive 
e/Tcct of combined compression (ic, two IS nnnHg stock- 
ings result in 30 mmHg of compression). Still other meth- 
ods of application include the use of such home tried 
strategies as applying the stocking over a plastic bag with 
handles (eg. a plastic grocery bag), then using the handles 
to pull the bag from under the stocking. Stocking wearers 
should have at least 2 pair of stockings so that t can be 
washed and dried while the other is being worn. The life 
e.xpectaocy of a stocking is approximately 3 to 4 months. 
After that time, stretching of the stocking will result in 
decreased therapeutic value. 

The third aspect of mechanical local wounci manage- 
ment strategies is related to reducing the risk of repetitive 
traunu and sustained pressure on an ulcer site. Pressure 
reduction and relief strategies can be classified into 2 aspects 
of oHIoading that include ambulator)- ofTloading and non- 
ambulatory oilloading. Ambulatory offloading is related to 
the reduction of pbntar and lower-extremity ulcer pres- 
sures. The classic wound cypc that would be considered is 
(he plantar surface neuropathic 3nd/or diabetic ulcer. The 
classic offloading device for a diabetic ulcer has traditional- 
ly been the total contact east. The appUcation of the total 
contact cast requires training and experience and may not 
always be an option for woimd care providers, i'raditionally. 
the total contact cast was a plaster cast. Fiberglass materials 
make dr>'ing and curing the cast much faster thereb)* mak- 
ing these materials more desirable. A newer lotal contact 
cast kit m.ikcs the availability of loul contact casting much 
more user-friendly in wound care clinics and settings where 
total contact casting has not been an option. An alternative 
to total contact casting includes walking boot^. Outcomes 
associated with the use of walking boots are comparable to 
those achieved by total contact casting. An issue with the 
walking boot is the lack of reimbursement, snmeiimes mak- 
ing i\m an unaffordablc om-of-pockei expense for many 
patients. Half-shoes provide another offloading strateg>'.Thc 
idea behind the half-shoe or wedge shoe is that weightbear- 
ing occurs from the midfoot to the heel, or midfoot to toes 
in a heel wound, depending on how the shoe is designed to 
offload.These do not provide the degree of offloading that 
total cont.ict casting and walking boots provide; however, 
they are nfadily available* inexpensive, and offer more 
reduction in plantar surface pressure than street shoes. Felt 
and foam cut to acconuuodate and offload the wound is 
another method that is sometimes employed -<o reduce 
plantar pressure. A considerable amotmt of anecdotal evi- 
dence suggests that this tnay be a good offloading ;straieg\': 



however, no good clinical trials clearly identify this practice 
as superior to other offloading methods. A newly available 
offloading device that consists of a combination foam aiid 
plastazoce insert with removable pegs ofTen an alternative 
to offloading plantar surface wounds. In addition to the 
insert, a sandal-rype shoe is available with a removable toe 
cover to protect toes, keep the dressings clean and dry. and 
prevent foreign objects from entering the shoe. 

An off-the-shelf offloading device is the Integrated 
Prosthetic and Orthotic System (IPOS). Offloading is 
similar to the half or wedge shoe but also helps to main- 
tain a degree of dorsiflexion.This device is technically an 
orthotic device. The heel relief orthosis offers an oppor- 
tunity for ambulatory offloading of heel ulcers, including 
diabetic ulcers and pressure ulcere. Other orthotic 
devices requiring custom creation by an orthotist 
include the Ankle-Foot Orthosis, the ContractuTc 
Keduction Orthotic Walker (CROW), and the Patella 
Tendon Bearing Brace {PTU).TIic CKOW is particular- 
ly useful in people with Charcot deformities. The PTU 
allows weighibcaring to occur below the knee so that no 
wcightbcaring occurs on the plantar surface. This has 
been successfully used in chose with transnictatarsal 
amputations that have subsequently developed plantar 
ulcers where other offloading techniques have failed. For 
further information, see Chapter 56. 

Nonanibulatory offloading is typically related to 
pressure reduction or relief required in the treatment 
and prevention of pressure ulcers. Pressure relief sur- 
faces consist of static surfaces and dynamic surfaces. 
Static surfaces include air. foam, and gel or water mat- 
tress overlays. Dynamic surfaces may be low-air-loss or 
alternating pressure niattrcsses. Air-fluidized beds offer 
almost contplete offloading. Many devices arc available 
to offload specific body parts, such as heels. These con- 
sist of foam blocks, air-filled devices, and splinrs that 
cup tlie heel so that the heel is free fron» pressure. 
Similar devices arc available for other bony promi- 
nences.. such as elbows, to prevent pressure ulcer injury. 
For further information, see Chapter 62. 

Activation of the Wound Envlronnnent 

The third aspect of local wound managen^ent and topical 
dressings seeks to use dressings and products that will cause 
something to happen in the wound, such as a change in the 
character or expression of the wound (Figure 3). This cate- 
gory of dressings and local wound management consists of 
what can be classified as dynamic dressinp. These are dress- 
ings that enhance the wound through such things as growth 
factors, stimulate a response in die wound through chemo- 
taxis or other processes, suppress expression of proteases, or 
reduce the necrotic load on a woun<l. Products that offer 
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Figure 3. AaJvatlon of the wound environment. 

biologic support may be beneficial for those wouiuls that arc 
clean and granulated yer have stopped progressing. The use 
of growih facion to siiniubte rhc wound as in the case of 
platelet-derived growth factor (PDGF) n\;\y be of benefit. 
Uecaplerniin is the conunerctally av.iilable recombinant 
DNA form of PDQF-bb used in diabetic foot ulcers. 

Allograft products, such .is cadaveric skin, offer a tempo- 
rary closure solution for wounds. Noncadiver allograft prod- 
ucts .irc available in acelluhr and cellular fornu. Acetlul.ir 
forms may include type I bovine collagen \vidi a silicone 
sheecing ns seen in the product Integra- (Integra 
LifeScienccs. Plainsboro. NJ). Other accllubr allogmft prod- 
ucts include AUoDcrni (LifeCell Corp, Braiichburg, NJ) and 
Graftjackci* (Wrighi Medical Technology. Arlington. Teiin). 
One cellular allograft is Derniagraft' (Advanced DioHealtng. 
La JoUa. CaliO. a cryoprescrved bioabsorbable niesh franic- 
work seeded with nieubolically active fibi^blasis derived 
(iom neoiutal foreskin, k is indicated for use in the crcainienr 



of full-thicknefvs diabetic ulcers. Application of this product is 
weekly for up to 8 .ipplications. A second.iry. nonadherent 
dressing is required. Apligrat"* (Organogenesis, C'anton, Mass) 
is a Uving bilnyered cell therapy It is indicated for the trcn- 
inent of venous ulcers and diabetic neuropathic ulcers. A 
nonadherent die&sing covering the product is nccc*ssary to 
prevent removal of the produce during dressing changes. The 
siliconc-based products arc particidarly useful with Apligraf 
Dressing changes for the fint week following application of 
this product should be restricted (o secondary bandaging so 
as to not disturb tliis product. Subsequently, routine dressing 
clumges nuy a*sunae. A third pmduct to activate the \vov\nd 
environment is another acellular product. Oasis* 
(HeaUhpoint, Fort Worth.Tcx) is a small intestinal subnuicusa 
product that contains an e.xtraceUular collagen ni.-icrix that 
acts is a scaflbld for tissue growth. Thi^ product acquires an 
appropriate secondary' dressing. This product nuy ho applied 
weekly Failure to promote healing by all of these produces is 
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closely Rriactfd to u-otind pirpamtion. Wounds must be Tree of 
necmuc tissue: therefore, sharp instrument dcbrideincnt 
prior to application is higlily a*cuinn)ended. In addition, 
w'oundis tliat aa* contaimnaied. colonized, or hifecteJ will 
have poor outcomes associated with these producu. Oood 
bacteria) control of the wound is nccci^ary. 

A second group of products thai serves to activate the 
wpvutd environment is aimed at those wounds that arc fail- 
ing to heal despite efforts to alleviate the underlying cause 
of wound healing failure. For example* an ischemic wound 
continues to fail to heal despite a revascularization proce- 
dure. For this wound, the prhnary objective of topical prod- 
ucts is to enhance tissue growth. These produces cm be sub- 
divided into those products that stimulate something to 
occur and those that inhibit a process in (he wound. Sonic 
of these products arc used atN'pically. For example, an etizy- 
matic debriding agent that contains copper chloropliyllin 
enhances granulation tissue forntntion. The mechanism of 
action promoting granuhlion tissue is probably in the cop- 
per chloropliyllin s ability to reduce ftbrln formation allow- 
ing macrophages to move into (he wounded aa'a, which 
signals fibroblasts to initiate collagen deposition. Copper 
chloropliyllin further enhances the structural integrity of 
this new collagen matrix. Papaij)-urea also helps to keep the 
wound free of necrotic tissue. Applying this product to the 
woimd is simplified by placing the product on the second- 
ary dressing instead of attempting to apply it directly to (he 
wound surface. Using this method ensures distribution of 
the product across the entire woimd s\irface. 

Several products act as cliemoattractants to either 
macrophages or fibroblasts. The use of these products can 
stimulate and enhance wound healing in select wounds. For 
example, a wound that is failing to exhibit any inflammatory 
response may benefit fmni the chemoattractant eflTect on 
macrophages to "kick start" the wound into a pattern of 
healing. A pruduct that offers wound stimuLition through 
macrophage chemotaxis is Mulridex' (DeRoyal. Fowell. 
Tenn). a maltodcxrrin hydrophilic wound dressing. This 
product is a high molecular- weight polyiaccliaridc that acts 
as a chemoattractant for macrophages when applied to die 
wound.The product is available in a powder for wounds that 
have cNutbte. When the product comes in contact with 
wound exu(bte. it absorbs the csudate and turns into a gel. 
h also is available in a hydrogel form for wounds that are dr^' 
or have minimal exiulaie. In addition to serving as a 
chemoatt^.^ctant, this product cfrectively lowers wound pi I. 
making the wound environment more hostile to bacteria. It 
is also ati efTcctive odor-controlling prixiuct. A secondary 
dressing needs to be used with this product. Dressings typi- 
cally are changed <bily to every oilier diy, Biafme. n trolaniine 
sodium algiiLUc, is another macrophage chemoattraccanc. 
liiafine promotes a nuiist wound envin>nment. In (;xud.iting 



woiuiiis, a secondary, absorptive dressing is needed. For 
undermined or tunneled wxxuids, gauze or packing strips can 
be impregnated with the product for delivery into these 
areas. A secondary dating is required, and dressingis sliould 
be changed daily. One hj-aluronic acid dressing. Hyalofill' 
(ConvaTec. Princeton. NJ). is supplied in both a fleece sheet 
and mpc forni.Tlic proposed method of action for this dress- 
ing is the facilitation of movement or cheniotaxis of fibrob- 
lasts to the woiuid aa^a. Hpluronic acid aids in moisture 
control by al>sort>ing exuditc and forming a gel. A secondary 
dressing is required. This dressing is usually changed daily. 

Negative pressure wound therapy in the form of 
vacuum-assisted closure (V.A.C."'. KCl, San Antonio. Te.s) 
foam technolog)' offers a (mt^iue method of stinmlating 
woimds to progress. Evidence suggests that the application 
of mechanical force to the wound and the foam strut spac- 
ing induces tissue defornution at the level of individual 
cells. This results in a stretching of the individual cells that 
induces cell proliferation, angiogcnc*sis. and subsequent 
wound healing. It is suggested that these microniechanical 
forces may be the most siginfican( niechnnism of action of 
V A. C. Therapy. See Chapter 30 for further information. 

A final group of dressings that cause a change in the 
wound environment includes those dressings (hat inhibit 
matrix meuUoprotcascs (MMPs).Two product types cliat 
inhibi( proteases are available. One product is a freeze -dried 
bioresorbable colLngen and oxidized regenerated cellulose 
proiluct. As exudate containing the MMHs is absorbed by 
this product it turns into a gel. Growth factors are protect- 
ed from degradation dirough binding and inactivaiion.This 
product may be moistened with saline if the ulcer is dry or 
noncxudating. A secon<lary dressing is needed. Dressing 
change is typically every 2 to 3 days. A second protease 
inhibitor consisting of a polyhydraged ionogen consisting 
of rubidium chloride, potassium chloride, and sodium chlo- 
ride is believed to work by suppressing expression of 
MMPs. This dressing is an impregtjated gauze dressing. A 
secondar)' dressing is ncce.ssar>'. For cxudating wounds, an 
appropriate absorptive drc^s&iug may be used. This dressing 
is usually changed daily. 

Dynamic dressings and topical wound rnanagenictu strate- 
gies offer the clinician unique opporumities to influence 
wovnid belling. With an understanding of both normal 
wound heahng and chronic wound healing, these strategies 
not only can improve wound outcomes but aUo can deca*ase 
rime to healing, effectively decrease the potential of compli- 
cations, .md increase niorbidir>'. These strategies should be 
eonsidcrcd in conjunction with passive ux>und care strategies 
aimed at optimizing the moist wound environment. 

Control of Infection/Bioburden 

Another objective of topical tfa*ssings and local wo\ind 
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Figure 4. Control of infection/bioburden. 

nunagcmcnt is to docreasc biobunlcn and control wound 
infccdon (Figure 4)AVoiind5 conuintiuccd and/or colonized 
with b3C<cri3 can aUo Iwve neptivc oxncomcs.WoiuHU ^cn- 
eraily have a ccniral zone of hypoxia. Bacteria competing for 
avaibbic oxygen may incrvwc this hypoxia. Topical niar]a^;e- 
mcnt of u-ounds can decrease biobtuilen hi wounds. 

One of iIk- nio5( important .npccts of topical wound 
nunagemem in ihc control of biohurden \% debridement. 
While sharp instrument dcbrtdenicnt offers tl)c i^uickeM 
and mow reliable method of wound cleaning, it may not 
alwa)*; be the most suitable. For CNanjpIc. one wouhl want 
to know arterial it,itus prior to perfomnng an extensive 
dcbridenient. Other niethods of debridement include 
autoiytic debridement, cnzynutic debridement, mcchanica) 
debridement, and larval debridement. 

Autoiytic debridement occurs m a moist wound heal- 
ing environment. Dressings that maintain the nuiist 
wound environment facilitate amolytic debridement. 



Avasctibr. necrotic tissue i.\ rehydrated. In addiiioji, cer- 
tain dressings help to sequester white cells in wound fluid 
at the wound site allowing autolysis of necrotic tissue to 
occur. Dressings thai facdnaic autolyiic debridement 
mchide films. hydrocolloiUs, and hydrogels. Foams, algi- 
nates, and gauze dressings .iKo promote autolysis ifhydrat- 
ed. Dry eschar will need to be cross-hatched to be ade- 
quately hydrated for autolysis to occur. Dressings may 
need to be changed more frcijucntly so that the .miolytic 
process can be assessed and monitored, 

Collagenase and papain -urea aa- cnzN'matic debriding 
agcntv Colbgenase degrades collagen fibers. I'apain-urea 
dcgmdes cysteine amino acid residue. Both arc selective to 
their rcspectisv urget and otler efTecrivc means to clean 
wounds. These products are considered pharmaceuticals and 
acquire a pliysician prescriptitwi. Hoth require secondars- 
dressing. I'he process of applying the product to a secondary 
divssing then applying the dressing Co the wound facilitates 
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application. White both produces an; considered (o be safe on 
hca)ihy tissue, care should be uken to avoid appl>'ing pTVKluci 
to the perivMound aa^a. Dressing changes usually occur daily. 

Mechanical debridement can be provided in several 
ways. Wound irrigation is the n^ost conunonly used Torn) of 
niechanical debridcniciit and should be done at each dress- 
ing change to remove the normal accumulation of wound 
detritus and bioburden. The use of normal saline in a 35- 
mi syringe with a lV>gauge needle is the most described 
method of wound irrigation. Other prepackaged irrigation 
s\-stcnu an* available. For example, tnon: aggressive irriga- 
don for more adherent necrotic tissue can be achieved with 
pulsed lavage systems. Whirlpool, while out of favor in 
wound care, offers an oppurtuniry to remove large aniounu 
of debris from a wound. One dressing product provides a 
rinsing action while applied to the wound. Tender Wet 
Active (Medline^ Mundelein. Ill) uses Ringers solution to 
contribute sodium, potassium, and calcium to the wound 
bed. The action of the dressing allows for absorption of 
pathogens, debris, ;md necrotic tissue into the dressing. 
Tender Wet Active requires a secondary* dressing.This dress- 
ing should be changed daily. 

The use of whirlpool shotild be limited in use and dura- 
tion, as damage to healthy tissue and nucention of sur- 
rounding tissue arc conunon. A dressing choice for ntcchan- 
ical dcbrideriietit is the \\vt-to-dr>- dressing. The use of wet- 
to-dry drvssings for debridement should be "retired" frvm 
modern wound care, a* other methods of debridement are 
more selective and less traumatic and painful for the patient. 
The most selective, rapid, and ceruin way to clean a wound 
is through sharp instrument debridement. A final debride- 
ment method invt>lves the use of fly brva or maggots. 

Bioburden control aho can be achieved through the use 
of da'ssings. Three dressing rv'pes are av'ailable to assist the 
clinician to this end. Perhaps the most well known class of 
dressings are silver dressings. Three rypes of silver forms arc 
available in tiressing materials: colloidal, ionic, and 
nanocrystallinc.The major difference in these silver rypes is 
(he duration of ilie rate of release and s^tbscqucni availibil- 
ity of silver in the \ilccr. This will determine frequency of 
dressing change. Silver .Kts as a microbial barrier. In the 
presence of exudate, silver ionizes and releases into the 
wound. Fortunately, silver is av-ailablc in dressing materials 
that are similar to the passive dressings. Silver alginate and 
silver foam producu can be used with cxudating wounds. 
Silver (jhns can be used on nonexudating wounds. Silver 
gels can be used on nondraining or dr)*, desiccated woimds. 
In essence, the choice of silver product should mimic the 
choice of substrate dressing that also would optimize the 
moist wound environment. Dressing change regimens for 
silver dressings arc predicated on the form of silver incor- 
porated in the dressing. NanocryscaUinc silver has the slow- 



est release of silver. Some fornnilattons of nanocrysiajline 
silver may only require a dressing change ever^' 7 da>'$. 
Colloidal silver may need reappltcation every 2 to 3 da>*s. 
Ionic forms of siK%r arc rapidly absorbed and may need 
daily reapplication. 

Another modern dressing for the control of bacteria is 
cadexonier iodine. This product contains elemental iodine 
in hydnophiltc beads. As the beads absorb wound exudate 
iodine is released into the wound. Dacteria. enzymes, and 
cellular residue aho are absorbed into the hydrophilic beads 
and help cleanse (he wound. Cadexonier iodine is available 
ni 2 forms: Iodoflex~ (Smith A: Nephew, Largo. Fla). a gel 
pad with absorption capability, and lodosorb*" (Smith &• 
Nephew. Largo. Pla), a ge) form that can contribute mois- 
ture to a nunimally cxudating or dry wound.The release of 
iodine determines dressijig change. As iodine is released, the 
dressing changes color from a retldish brown to yellow. This 
color change indicates that (he dressing needs to be 
changed. Even so. this dressing should be changed every 2 
to 3 da\-s. A secondary dressing is necessary. An absorptive 
dressing may be necessary in he.ivily exudating wounds. 
Cadexonier iodine is contraindicated in persons with 
iodine sensitivity. It should be avoided in persons with thy- 
roid dysfunction and impaired renal futiction. 

A third form of antimicrobi.i] dressing benefits from the 
use of methylene blue and gentian violet in a sponge form 
known as Hydrofcra Blue {1 lydrofera LLC. WiUimantic. 
Conn). This product offers a new topical dressing approach 
to infected and colonized wounds. While these pigments 
have been used for many wars, only recently have they been 
incorporated into a sponge format that allows for absorpdon 
of exudate while providing bacterial control. This dressing 
mtist be moistened with saline prior to application to the 
wound. A secondary' dressing is necc*$sary. Dressing change 
a*gimcns range firom daily to evcr>' 3 days. Change in color 
from blue to white indicates the need for a dressing change. 

A fourth dressing strategy available for control of 
bioburden is NPWT This topical dressing strategy 
increa.scs circulation and oxygenation to the wound. 
Witlj increased oxygen there is an increased resistance to 
infection and enhanced oxidative bacterial killing. In 
addition, the mechanical suction of NPWT removes 
bacteria from the wound, foam technology combined 
with silver technology that further improves control of 
bioburden is available. 

Another local wound tiunagemcnt technique to control 
bioburden is considered controversial in ux>und care. This 
consists of (he use of antiseptics. Antiseptics can be cytotox- 
ic, particularly to fibroblasts. The decision to use antiseptics 
involves a risk/benefit decision. A couple of well placed 
questions can guide in this decision. Is the bioburden or 
infection present in a wound causing more damage (han the 
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Figure S.Qualicy-oMife improvement. 

cyioiuN'ii' .ij»cm? Arc other lopicjl pro<hu'is dut jrc less 
c^'ioioxk* nvaihbie to a'ducc bioburdcn? Arc oihcr sysicmic 
imcrvomions more appropriate? I licrc is a place kir .imisep- 
lics ill wound care: Iiowever, it is inherent tliat the elinieian 
me soimd clinical judpnent in this decision. Know when to 
stop using these prodHCt^. The use of antiseplivN should he 
very short lemi. Antiseptics used in wound care include 
povidone-iodine. sodium hypochlorite sohition or Oakin s 
Sohiiinn. aceiie acut solution, or Donihoro> solution, boric 
acid solution, chlorhcxidine, and hy<lnij»cn peroxide. For 
further inlorniation, see Chapter 3-1. 

Quality-of'Life Improvement 

The final class of dressinc^ and topica} wotnid nianage- 
njcnt St rat epics are conjfort dressings aimed at impaivinj; 
quality of life (Pigure 5). The main objectives of these 
strategics include odor control and die rcilttctitni of pain 
associated with a woinid. Wound odor can seriously impact 
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• Nonadherent dressings 
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quality of life. It can prevent a person fmni experieiu tng 
meanitigful social interactions and can limit the persons 
ability to be in ptiblic. There are several strategies that can 
hdp to elinnnate or si|>niticaiHly reduce wotnul odor, 

First, one must deteriniite the origin of wound odor. Is 
the odor a result of infection? If so. treatment i>f the infec- 
tion should retiuce or eliminate the odor The use t)f sys- 
temic antibiotics may be necessary; however, the use of top- 
ical antimicrobial <}ressing> can be cfTcctive in reducing ;in<l 
elinunaiing odor.Tl^CNe sUessinps include cadesiMner iodine 
or lodosorb/lodt^llex. Multidex, Hydrofera Blue, and sil- 
ver-based dressings. In adtlition. the use of dilute antiseptic 
solutions may also he of benefit not only in controlling top- 
ical odor«causing bacteria but also by serving .is a <le<idor- 
izcr. If otior is the resvih t>f the breakdown of necrotic tis- 
sue, the removal of the necrotic tissue through debridement 
should be periiirmed. 

One dres.siiig approach to odor control rs the use of acti- 
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\-3Ccd charcoaJ drcsMnj^. \lxcsc dressings icrvc as a fjlfcr to 
irap odor. Chjreoat drcuings arc available in 2 t\pcs. C^nc 
c^^jc iiicUkIc^ ai'iivaicd iharcoa! combined with another 
dressing t>']>e. such a> Mlver or foam. These dressings have 
dua! purposes iiichidhi^ ctnitml of bacteria or absorption of 
ex\uiiie as well as odor control. A second type is simply .n 
charcoal pad that can he placed over other dressings nute- 
rials to serve a* a filter for volatile odors. Depending on the 
r\-pc of product. dresMjig change may be every 2 to 3 tliys 
to a$ infrequently as every 7 days. Activated charcoal tcnils 
to loo^e its eHicacy when it becomes moist with exudate. A 
charcoal pad used as a filter on top of other dressinp may 
be reused if it <}oes not become contaminated with cxu- 
liate. Other meiisures to control odor in the immedi.iie 
enviromnent of a person with an odorous wound include 
connnercially available room deodorants and such .simple 
measurers as placemeni of.i saucer of vitieg.nr in the room. 
One method that has beei» used successfully in honu* envi- 
ronments includes the use of cit litter placed in strategic 
places in a room ti> help absorb odors. 

A particidarly challenging odorous wound r\*pe is the 
fungating cancerous lesion. In addition to the use of dilute 
topical antiseptics, such as hypochlorite and acetic acid, the 
use of metronidazole may be henenciaf. MetronitlazoJe, an 
antifungal, may he given systcujically. but due to potential 
side cfiects, it may be better to apply it topically to the 
wound. Metronidazole is available in gel fonnulation. h has 
also been applied by sprinkling the conicms of a capsule 
directly to the wotmd surface.The priinar)' nu>de of actit>n 
for odor control is in the bactericidal capability of this drug. 
Treannent with nietmnida^ole is generally topical applica- 
tion daily for 1-5 days. An appropriate secondary' dressing 
to nunage exutbic is geiieralh* requia*d 

The second objective to improve qualiT>* of lite with top- 
ical strategies includes the selection of dressings th.it either 
help alleviate pain or are less likely to inflict pain when 
removed. Antorphous .intl forna'd Ijydrogel dressings are 
soothing to painful wouruh. I lydrocolloid dressings antl 
imprcgnateJ gtutte dressinp are also soothing drcNsings. 
These dressiijg types are easy to remove and aa* less likely to 
cause pain than dressiup that may absorb too much exudate 
and adhere to the wound surface. Nonadherent da*ssings and 
those dnrssings with petrolatun) or silicone are Jess likely to 
idherv to the woun<l, making them desinble for use with 
parual-thickness woun<ts. which tend to be moa* painful 
than ftiU-dnckness wounds. Compa*ssion bandaging to con- 
trol edema will lielp to reduce the aching xsso<.iaied wiif» 
venous leg ulcers as well as lymphedema. The use of topical 
analgesics may be necessary during dressing changes. 
Lidocaine solution applied to soak a da-ssing pritir to 
removal can be efleciive.The use of analgesic gels prior to 
debrtdenuMU should ahvay* be considered and ma^ be of 



benefit prior to neapplicaiitjn of a dressing. For further infor- 
mation, see Chapter 11. 

Conclusion 

In tod.iy*s envimnnient i>r modern topical dressings, 
numerous choices that optinnze the local wound enviroiv 
nient to facilitate wound closure are available to the chni- 
cian. A innnber of pitfalls can impede the clinician. The 
"dressing du jour' attitude that "this dressing worked on 
this patient therefore it will work on all patients" limits 
clinical decision making. There is no one perfect dressing. 
It is also easy to become enanu)red with a particular ntan- 
ufacturer and not seek dressings that may not be part of a 
particular manufacturer's oiTering. In addition, as clinicians, 
\\v are often boimd by a particular institutional buying 
contract, making user- prefer retl drcssinp imavailable.This 
may aho be the case when an institution changes from one 
buying group to another. That does not necessarily pre- 
clude being able to go ofT contract for unique products 
that may not be available through a particular buying 
group. Outside the United States, clinicians may be faced 
with their country's particular formulary that may limit the 
availability of products. 

Only one approach to selecting topical products ij 
offered here. Others decision strategies are available. and the 
wise clinician would learn from multiple strategies to 
enhance his or her decisions-making ability. This approach 
was bt)ru from clinical practice and observing product per- 
formance. It may not reflect every possible dressing as'ail- 
able. Dressing products are ever evolving and new products 
become available. The wise clinician always circles back to 
the underlying etiology of why a wound is slow to heal or 
is failing to heal. Jt is this understanding that enhances the 
ultimate outcome. The choice of dressing or topical wound 
management $traicg\' will enhance the potential to heal but 
will not in itself cause a wounil to heal. 

Take Home Messages for Practice 

• Identify and correct the underlying cause of vA>und 
healing failure. 

• Use topical wound management strategies to 
enhance the host's wound healing ability. 

• There is no one magic topical wound management 
strategy. 

• Always keep the patient m focus when choosing top- 
ical strategies. 



Self-Assessment Questions 

I . The category of passive dressings aims to accomplish 
what wound care objective? 

A. Optimization of the moist wound environment 
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D. Wound inanipuhtion. pressure reduction, or c<ltrina 
management 

C. Ac(iv3(ton ufthe wound environment 

D. Control of infection and bioburden 

2. Optimizing ihc moijt wound environment would 
include which of the following dressings? 

A. Compression bandaging 

B. Matrix nictalloproiease inhibitors 

C. Calcium alginates 

D. Chaa-oal 

3. The choice of a silvcr-boicd dressing should inchide what 
objective aside from control of infection or bioburden? 

A. Odor control 
D. Pressure reduction 
C. Biolagical support 
Q Absorb drainage 

Answers: I -A. 2-C, 3-A 



Reference 

1. Winter CD. Scale* )'V. V.lTcci odir drynng acid Ja•^Mttp oti ihe »ut- 
fjiP »if 3 wound. Sjtun. rWO:{I97).9l-92. 



Suggested Reading 



Ariiiitning OG, La>*ery LA. N»xoi> IW, Houlmn AJM, U'» noi whai 
you |mi Of), but what you (;ikr uff: tirchniqurt fur ilfhrufinK anJ 
nir-loidtng ihe ilijbfuc Tool wound. Oi'i htfrn l^ttAft. 
2<i(l4:39{Suppl 2);SV2-SW. 

l)fc*Mnp diticardt, Availablr a«: htip://www.dfC*tingi.or|!. 
Accreted July mM*. 

I'tinticin K. Wuundtx.com. Availjbtr ai: 

bnp://vc*Vk'\v,\\x>undrx.foin/homc.html.Acreufd September 2006. 
He»\ C.J. Clinitaf Ctiidr f.» UbiwJ Cau. Sprin^houie, Pa: 
Sprni((houic Corporaciun: 21K>2. 

Stiri^tcal MaierialiTctctiij; l.ab.A PnrH:riberi (tutdc to l>miin(|;t &■ 
Wound Manigrmcni MaieruU. Avaibblr »t: 
tilip:/ /w wwMnill, co.uk/ WMI>RC/rVM. report/ VFM- 
hidex.html. Ac<e\>ed june Z^^Hm. 

World Wide Wounds.. AvijIabJe at; httpy/www.woriduide* 
u'Oiindi.coni. .Accoted July 2(K)6. 

Wound Care Inroriiiatinn Nefvi'Ofk. Avjilabic at: 
http://u-\\'\»,'.n)edicjledti,(iiin/deriuU.h(in. Acceded Jinie 2006. 



Woun- 
Peveh 
Settin 

Sue Curre 
CWS. BCL 



Objectives 

The reader 

• Analyze str 

• Implement 



Introductio 

Develop 
niular 
the II 
primers availab 
selection procc? 
wounds, so lit 
instance. s{ coul 
tie space." It is 
.select those too 
practices. It ha 
^election procc 
tract, purchasin 
equation. This 
wound produci 

Discussion 

Since Wintei 
age men I has c 
numben of dr 
limited to sim{ 
instrru, produc 
interactive co\ 
promises and n 



Currcnce S,Kratn< 
KG. ed%.Cht9fikVk 



CHRONIC WOUND CARE 

A Qimical Source Book for Healthcare Professionals 

4-th Edition 



HMP Communications 



Pnesiden -t/ CEO: Peter Noms 

Group F=> u biisherMce Presideni: jenemy Bowder> 

Managing Ed ftor: Ren ee Olszewski 

Ass-stantzi Editor Mike McGovem 

Creative Oireaor;Vic Geanopulos 

Att Dir<=2: otor: Heather Smith 

Product! <:>n Dircnor Kim Chesky 

Copyrigh-^^ © 2007 
HMP C<=> nnmunicaiions 
B3 Gen<^ral Warren Blvd. 
Sui^c lOO 
Malvern. Pa I93SS 



ISBN 97^ a -0-9706514^-8 



All rights reserv€dThis book is proierted by copyright No part of this book may be repiX)duced in any iorm 
or by ar^ -y rneans, including photocopying, or utilized by any mfonmation storage and retrieval systenn without 
written f^ernnisjion from the copyright owner 

Ac curat «a indications, adverse reaaions. and dosage schedules for wound care products and drugs are provid- 
ed in th i s book, boi it is possible that they may change. The reader »s urged to review the package informa- 
tiot-1 cJats of the n%anufaclurcr5 of any products mentioned. 



Exhibit C 

Page 16 of 16 



CHRONIC 




A Clinical Source Book for 
Heolthcare Professionals 

4th Edition 



Co-Edited by 
Diane L Krasner 
George T. Rodeheaver 
R. Gary Sibbald 



With Over- 100 Contributor's 



I ' s 



o^^Bo {vs)z.oos das so 



Exhibit D 



Page 1 of 8 



Serial No. 10/732, 



Pressure Ulcer Evaluation Case Series of 18 Wounds 



ABSTRACT 

As part of a study of 27 patients (33 wounds) evaluating the effectiveness of XCell 
Cellulose Wound Dressing, a subset of 15 patients (18 wounds) had Stage II to Stage 
IV pressure ulcers. Of the cvaluabic pressure ulcers, 14 demonstrated improvement or 
healing of the ulcer Results demonstrated that XCell promoted autolytic debridement of 
necrotic slough and eschar by maintaining a moist wound environment. In addition, 
pressure ulcers with XCell had increased granulation tissue that was vibrant red in color. 
In general, the wounds decreased in size over the study period by an average of 39% and 
in one case healing was observed. XCell can be used effectively on Stage 11 to IV 
pressure ulcers. 
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Pressure Ulcer Evaluation Case Series of 18 Wounds 

Evaluation of XCell® Cellulose Wound Dressing 
on Wound Healing of Pressure Ulcers 

Marie Brown-Etris, RN, CWOCN 

Marlon Punchello, LPN 

Etris Associates Inc.. Philadelphia. PA 

INTRODUCTION 

Ulcemted wounds resulting from vascular metabolic or physical trauma are frequently 
the most recalcitrant to therapeutic intervention. Although more than one etiologic 
tector can contribute to the pathogenesis of an ulcerated wound, most are likely due to a 
single precipitating event leading to ischemic and tissue necrosis. Pressure ulcere, for 
instance, are precipitated by prolonged excessive pressure to tissues over bone. 

The science of wound healing has advanced rapidly since George Winter described the 
advantages of moist wound healing in 1970. The medical profession has come to 
recognize that the optimum environment for the wound bed Is moist and not dry. Wound 
bed preparation is me key to successful wound management. ' From this the following 
guidelines for the use of wound dressings has been suggested: 

1) Use a dressing that will maintain a moist wound environment. 

2) Use clinical judgment when selecting a moist wound dressing. 

3) Choose a dressing that will l<ftftp the pftri-woiinri skin dry while maintaining the 
moisture within the wound. 

4) Use a dressing that will control wound exudate without leading to desiccation of the 
wound bed. 

5) Use dressings that are easy to apply and do not require frequent changes. 

6) Fill cavities to avoid impaired healing and increased bacterial invasion. 

XCelP Cellulose Wound Dressing is a unique biomaterial composed of biosynthesized 
cellulose. It is distinguished from plant-derived cellulose by its high hydrophlliclty and a 
multi-layered three dimensional laminar structure, it has been bioenglneered to both 
donate fluid and absorb liquid, depending on the moisture content of the surface the 
dressing contacts. 

A study cf .'=1.'^ woiind.«i on 27 patients was conducted to evaluate the effectiveness of XCell 
on a variety of acute and chronic wounds. Of the 33 wounds, 1 8 were Stage II to IV pressure 
ulcers. This article examines the effectiveness of XCell on the pressure ulcer subset. 



'Schultz G.S., et al.: Wound Rep Reg 2003: ll:l-2a. 
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OBJECTIVE 

The objective of this study was to evaluate the 
performance characteristics and effectiveness of 
XCeti^ Cellulose v\^ound Dressing on Stage ii - iv 
pressure ulcers and to determine the desired 
technique for successfully treating such wounds. 

MATERIALS AND METHODS 

XCeii Cellulose Wound Dressing (Xylos Corp., 
Langhorne, PA) tA/a$ provided as a 3.5in x 3.5in sterile 
pad. Depending on the site and wound condition, the 
dressing was either left intact or cut to the size of the 
wound. 

Secondary dressings were placed over XColl and 
Included Alldress^ (Mdlnlycke, Qdteborg, Sweden), 
BlisterFHm^ (Kendall, Mansfield, MA), Bloclusive^ 
and Kling^ (Johnson & Johnson Mediud, Arlliigiun, 
TX) or 4in x 4in gauze. 

3TUDY DESIGN 

This study was performed as a single center, open 
enrollment evaluation of XCeil*^ Cellulose Wound 
Dressing. After Institutional Review Board Approval 
(St. Davitfs HRRB. Philadelphia, PA), twenty-seven 
participants, 18 years of age or older with one or more 
draining wounds involving the dermis, subcutaneous 
tissue or muscle (with or without bone exposure) were 
entered Into the evaluation. Each participant was 
observed on a frequency ranging from daily to weekly 
depending on the type of wound and phase of wound 
healing. For example, wounds that were heavily 
draining lypicaiiy required a minimum or daily 
dressing changes, whereas those that were 
epithellalizlng typically required weekly dressing 
changes. Patient participation was for up to eight 
weeke. At a minimum, on a weekly baolo, the 
dressing was changed for a thorough wound 
assessment, at which time various data were 
.ecorded. In Mddiliun to completing the case repurt 
forms, photographic slides were taken at each visit. 



The inclusion criteria for this clinical study were quite 
broad so that a determination could be made as to 
where XCell demonstrated maximum performance. 
For this pressure ulcer subset (18 ulcers), participante 
were permitted to have a stage 11, III or IV pressure 
ulcer. The effectiveness of this product was based 
upon comparison of the base line wound condition 
data to that of subsequent follow-up visits. 

RESULTS AND DISCUSSION 

Overall, XCell was found to be very effective for use 
on pressure ulcers. Specific observations included; 

Reduction in wound size within 8 weeks by an 
average of 39% 

^ Reduction in height of nypergranulatlon tissue 

o Reduction of necrotic slough and eschar through 
autolytic debridement 

o Increased and vibrant granulation tissue 
Non-adherence to the wound bed 

Eighteen full thickneaa pressure ulcers were 
evaluated during the study. Of these, two were 
considered un-evaluable due to non-compliance (1) 
and a non-product adverse event at one week (i). By 
the end of the eight weeks. 14 of the 16 remaining 
wounds demonstrated Improvement including one 
that healed (Table 1, Rgure 1). Seven full thickness 
pressure ulcers entered the study with a I0o% 
granulation tissue base. Three maintained their 1 00% 
granulation tissue base until study conclusion while 
one pressure ulcer decreased granulation tissue base 
from 100% to 75% which subsequently Increased and 
the wound went on to heal (Rgures 2 - 5). Tm 
pressure ulcers reduced from 100% to 80% In 
granulation tissue and one pressure ulcer lost a 
significant amount of granulation tissue which was 
attributed to a wound Infection. 
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Pressure Ulcer Evaluation 

Figure 1 ; Graph demonstrating the average size of the wound 
'ass4imino AlUptlcftl $h^pe) at the Inftial examination and at the 
of the study; XCell demonstrated a 3d% average reduction 
in wound ehse over eight weeks. 
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Figures 2 - 5: Healing of a fuli thicJcness Stage ill pressure 
ulcer on the heel in a 90-year-old female. Figure 2 
demonstrates the wound at the initial visit and shows necrotic 
tissue. The wound initially measured 1.6cm t^y l,lcm. By 
week 2 (Figures 3 and 4) XCeil had facilitated autohrtic 
debridement and epfthelialization so that the wound now 
measured 1 .2cm by 1.0cm. Rgure 5 shows the wound at week 
seven measuring 0.$cm by 0.4cm and on Its way to healing at 
eight weeks. 




Rg.2: Initial visit 



Case Series of 18 Wounds 




Fig. 3: Wound Dressing at Week 2 




rig. 5: Week 7 {Healed at Week d) 



As seen in Figures 2 and 4 autolylic debridement was 
demonstrated using XCell with the removal of slough 
necrosis. Eight full thickness ulcers entered the clinical 
Study with some percentage of necrotic slough. During 
the course of the eight-week study, six of those wounds 
dernonsiralbd a conversion of siouyh lo 100% 
granulation tissue base (Figures 6 - 8 and 9 -1 1). Wheru 
placed on a wound, XCell remains moist allowing the 
endogenous en^iyines lo auloiyiically debrlde the 
wound. 
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Figumfi 6 - 8: Autotytic debridement of yellow slough In a 50* 
yedr-old male pre$efned with a full thickness Stage KV pressure 
•jleer on hlft left hip. It was elassffied as a new wound that had 
lasted between four and six months and was approximately 
70% gmnulation tieeuo and 30% neoretio olough* Dnootmonto 
prior to use of XCel! included chemical and autolytic debridement 
(Slid use of ottier wound dreftsln9a. Figuro 0 demon«tr«to9 9omc 
slough remaining after the first week on XCell. The slough was 
removed with ttie XCeil dn»»iing (Figure 7) and kry week d bad 
become 100% vibrant granulation tissue (figure 8). 



Fig. 6: Weekl 




Fig.7t Removal of Plough ir4o XCell 
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Fig. dt Wook a vibrant granulation ticaue 



Figures 9-11: Autolytic debridement of necrotic slough and 
eschar In a 9&-year^ld female presented with a full thickness 
j^ge IV pf^ifatntpi ulcAr on hAr j^nim. if waft diisslfled as a 
non-responsive wound that had lasted between four and sbc 
monthe. It was full thicknece with approximately 50% 
granulation tissue, 40% necrotic slough and 10% eschar, 
'n-eetmente prior to uee • »f XOell included mechanical, chemical 
and autolytic d Aridemc nt, and use of other wound dressings. 
Figurt^ 0 aeiitonatf atea U let aftei one week Um wt^m wttv gone 
and the necrotic tissue I lad decreased. Continued application 
of XCeil resulted in lOO" ^ granulation tissue by WeeK 2 (Figure 
10) with the dressing ta ting up the slough as it was digested 
by the endogenous enzi wes (Figure 11). 




Fig. 11: XCell dressing after treatment 
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Pressure Ulcer Evaluation Case Series of 18 Wounds 



A clinical observation made throughout the course of 
Jie study was the vibrancy of the granulation tissue 
bfkfjn ^fter being treated with the cellulose wound 
dressing (Rgure 12). Figures 13-16 illustrate reduction 
in size of a pressure ulcer on the ankle over the eight- 
week study, as well as the pcriwound drying out of a 
dressing when placed on a wound that was not 
e)aidating. The wound remains moist under the dressing. 

Anecdotally, XCell appeared to reduce hypergranulation 
lissue up to the level of surrounding epithelium. This 
was obsen/ed in a wound that presented with this tissue 
at initial visit. 



Figure 12: lllustraticn of the vibrancy of the granulation tissue 
after alsht weeks of use of XCell In a 66-yaar-olcl female that 
presented with a full thickness Stage iV pressure ulcer on her 
sacrum* tt was classified as a non-responaive wound that had 
lasted between four and six months* Initially the patient had 
npprnyimafaly 85% granulation tissue and 15% neerotic 
slough. Previous treatments Included medianieal, chemical 
and surgical debridement, and use of other wound dressings. 




Rg. 12 

Figures 13 • IS: Healing of a hjlJ thickness Stage III pressure 
ulcer on the right lateral ankle In a 50-year-old male. The wound 
was classified as non-responsive and had lasted between four 
and shr inonttia It had ;^ppmyimatAly sn% granulation tissue 
and 50% necrotic slough. Treatments prior to use of XCell 
included chemical and autotytic debridement and use of other 
wound dressings. Figure 13 shows the wound after one week 
of XCell ucc ond tho romovol of neerotlo alough Into tho 
dressing (Figure 14). By the end of the study at Week 8. the 
wound tMd decreased In size from 11.09^ i;iu to a.09C| oin and 
epitheliallzation vms evident (Figure IS). 




Rg.13: Weekl 




Fig. 14: Dressing after removal 




Fig. IS: Week 8 
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SUMMARY 

XCell* Cellulose Wound Dressing perfonned well in 
the healing of pressure ulcers. It was able to 
maintain a moist wound environment during the 
application period, did not adhere to the wound, and 
was easy to use. 

The most significant wound healing response noted 
with the use of XCell was the elimination and/or 
reduction of slough necrosis in full thickness 
pressure ulcers through the maintenance of a moist 
wound bed. Application of XCell also reduced 
hypergranulation tissue to the level of the 
surrounding epithelium In one pressure ulcer that 
presented the problem. Of the 16 evaiuable wounds 
in the pressure ulcer subset, 14 showed healing or 
improvement over the eight-weei< treatment. 

The selection of the appropriate secondary 
dressing is dependent upon the condition of the 
wound. This study revealed that wounds with 
greater exudate would benefit from less occlusive, 
higher absorptive materials. As well, such wounds 
may require more frequent dressing changes. For 
lower exudating wounds, a semiocclusive or 
occlusive dressing will maintain the moisture level 
of the dressing and wound. 
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Dressing on Wound 
Healing of Venous 
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Marion Punchelto, LPN 

Etfis Associates, Inc., Philadelphia, PA 
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^enous Stasis Ulcer Evaluation Case Series of 13 Wounds 

Evaluation of XCell® Cellulose Wound Dressing 
on Wound Healing of Venous Stasis Ulcers 

Marie Brown-Etris, RN, CWOGN 
Marlon Punchello, LPN 
Etrie Asfiociates, Inc., Philadelphia, PA 



INTRODUCTION 



Chronic wounds are defined by their deviation from the expected sequence of repair 
and represent a problem for both the patient and the health care provider. Venous 

;>labis ulcers are one eliologfc class of chronic wounds that result from venous 
insufficiency. Improving this Insufficiency and/or reducing venous hypertension are 
paramount After treatment of the underlying pathology, the wounds require wound bed 
preparation to stimulate the healing process.^ 

The process of wound bed preparation includes the removal of necrotic tissue, 
management of exudate and resolving bacterial imbalance.' The optimum environment 
for the wound bed hae been demonatrated to be moist and not dry. 

Ab llie result of this, a new dressing, XCell Cellulose Wound Dressing has been 
developed. XCell has been bioengineered to both donate fluid and absorb liquid 
simultaneously within the various microenvironments of the wound bed depending on 
the surface the dressing contacts. 

A study of 33 wounds on 27 patients was conducted to evaluate the effectiveness of 
XCell on a variety of acute and chronic wounds. Qt the 33 wounds, 1 3 were full or partial 
thickness venous stasis ulcere. This article examinee the effectivness of XCell on the 
venous ulcer subset in conjunction with compression therapy. 



' Schultz 6.S., et a!.: Wound Rep Rsg 2003; 1 1:1-28. 



llO'd 6690# Nam iO >iaHOSnVH NNVWHOl €€€ 0^9Z.Q I €f+ 0^!80 LOOZ.ilS'qO 



• 

Exhibit E Page 3 of 8 



DBJECTIVE 

The objective of this study was to evaluate the 
performance characteristics and effectiveness of 
<Celt* Cellulose Wound Dressing on venous stasis 
jlcers. A secondary goal was to develop the optimal 
echnique for treating venous ulcers. 

VIATERIALS AND METHODS 

<Cell Cellulose Wound Dressing was provided as a 
3.5in X 3.5fn sterile pad. Depending on the site, the 
iresding was either loft intact or cut to the gizc of the 
vound. 

ndividual secondary dressings placed over XCell 
nciuded Alldress^" (Molnlycke. Qoteborg, Sweden)^ 
regaderrn^ (3M Health Care, Si. Paul, MN), 
Hydrasorb^ (Avitar, Canton, MA), or 4in x 4in gauze. 
Additionally, a stockinette or other compressian wrap 
A/as used over the secondary dressing. 

3TUDY DESIGN 

fhid study was performed as a single center* open 
enrollment evaluation of XCell. After Institutional 
Review Board Approval (St. David's HRRB. 
Philadelphia, PA) 27 participants, 18 yejdrs u( dyt? or 
)lder with one or more draining wounds involving the 
Jermis, subcutaneous tissue or muscle (with or 
without bone exposure) were considered tor 
evaluation of the cellulose wound dressing Parrh 
participant was observed on a frequency ranging 
rem daily to weekly depending on the phase of 
Mound healing. For example, wounds that were 
leavily draining typically required a minimum of daily 
jressing changes where as those that were 
^pithelializing typically required weekly dressing 
:hange$. Patient participation was for up to eight 
A/eeks to evaluate dressing performance and wound 
lealing capabilities. At a minimum, on a weekly basis, 
(ho drooaing was changed for a thorough wound 



assessment at which time various data points were 
recorded. In addition to completing the case report 
forms, a wound tracing was performed and a 
photographic slide taken at each visit. Dressings 
consisted of the XCell Cellulose Wound Dressing and 
compression therapy. 

The Inclusion criteria for this clinical study were quite 
broad so that a determination could be made as to 
where the cellulose wound dresslnq demonstrated 
maximum performance. In the venous ulcer subset 
(13 wounds), participants were permitted to have a 
partial or full thickness Iftg ulcflr.Thft effftntivanftss of 
this product was based upon comparison of the base 
line wound condition data to subsequent follow-up 
vicito and final otudy day data analyoio. 



Figures 1 & 2: Dressing placement on ulcer and 




rig. 1: XCell on wouriUs 




Pfg. 2: compression wrap 
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Venous Stasis Ulcer Evaluation Case Series of 13 Wounds 

RESULTS AND DISCUSSION 



:C«II* was found to be highly effective on venous 
tasis ulcer$ in conjunction with compression therapy, 
ireater than 50% of the wounds healed within the 
ight-week study. 

lealing data and average wound size are 
ummarized in Table i and Figure 3. One patient was 
)st to follow-up after Week 3 and the data for wound 
Ize is not included in Um yrapti of Figure 3. Six full 
lickness venous ulcers healed during the course of 
tudy, one at Week 2, two at Week 4. two at Week 6, 
ne at Week 7 (Figures 4 - 9). Duration of ulcer prior 
> study initiation was long standing (range 1 month to 
reater than 12 months) and is documented in the 
:ase Report Forms and Source Documentation. 



able 1 : WOUND HEAUNO HeSPONSE TO XCELL DRESSING 
ON VENOUS ULCERS (rt=:l3) 



Uicer Typa 


Healed 


Improved 


^artiaJ Tnicknass 


1 


1 


•utt Thickness 


6 


5 



gure 3: Graph of the average decrease in wound size over 
time (wounds less than 50sq cm, n=12) 



3 

2 

3 
3 



D 

0 




inilidi 



End 



FIflures 4 - 6: Healing of a venous ulcer In a 7d-year-old maiBi 
presenting with a full thickness venous stasis ulcer on his left' 
anterior tew«r \ptt}. It was classified as a non-responsive wound 
that had lasted one to three months. Previous h^atments 
included meehanleal debrfdement and uee of other wound 
dressings. Figure 4 demonstrates the ulcer after one week of 
XCelJ usage. Over the study, the wound continued to heal 
(Figures 5 & 6) to being fully healed at six weeks. 




Hg. 4; Wook 1 




Fifl. 6: Week 6 
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Rgurcd 7 • 9: Heqllng of a vdnoue etae{6 ulcwr In SO-yeafrOld 
female presenting with a venous stasis ulcer on her right lower 
foot II YriA clas6ified as a recurrent wound that had lasted over 
one year, had 20% granulation tissue and 80% necrotic siough. 
Previous treatments Included deorlding, cleansing, exudate 
absorbing agents and protective coatings. figure 7 
demonstrates the ulcer at the Initial visit By Week 2 me slough 
had been debrided (Rgure 8) and by Week 4 the ulcer had healed 
(Figured). 




Fig. 7: InWa] visit 



figures 10 & 11: Healing using XCelP In a female presenting 
with a full thickness venous stasis ulcer on her left lateral lower 
leg. It was classified as a new wound that had lasted for over 
one year. Previous treatments included cleansing and exudate 
absorption ogenta and uso of other wound droecinge. Figuro 
10 shows the wound already healing at Week 2 with XCelL By 
Wwk 4 (Flguie 11) the wound w«5 fulfy healed. 




Rg. 10: Week 2 
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I u a t i o n Case Series of 1 3 Wounds 



'enous Stasis Ulcer Eva 



Ive (5) full thickness venous ulcers demonstrated 
iprovement with use of the cellulose wound 
'coGing. Of noto. one patient requested to remain on 
lis dressing at time of study conclusion because of 
le elimination of pain at the ulcer site. Of the two 
^rtial thickness ulcers one healed and the other 
smonetrated improvement over the eighNweek 
datment (Figures 12-15). 

gures 12-15: Improvement of a partial tnicxness venous 
asis ulcer in a 75-yedr-old male. It was classified as a non- 
sponslve wound that bad lasted four to six months. It was 
irtial thieknees with 0S% eronulotlon tissue and S% 
wfotlc slough. Previous treatments^ Included mechanical 
id chemical debridement and use of other wound 
-essings. Figure 12 shows the state of the leg at the initial 
sit By Week 3 (Figures 13 & 14) the ulcer had improved and 
ough was visible on the dres:»ing. Note that Ihv droning 
Id dried at periwound. The Improvement continued to the 
td of the study at eight weeks (Figure 15). 




Fig« 12: Initial visit 




Fig. 14i Wook a (Romoval cf drdfifilng) 




Fig. 15z Wedk S 
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SUMMARY 

XCelP Cellulose Wound Dressing performed well In 
the healing of venous ulcers. The most significant 
wound healing response noted with the use of XCell 
was the complete healing In full thickness venous 
leg ulcers. It should also be noted that during the 
course of the study, compression therapy was 
maintained from initial visit throughout the 
treatment duration for venous ulcers and, in most 
cases, the participant had been using that same 
form of compression prior to the initial visit. 

The suggested treatment tor venous stasis ulcers 
using XCell is to apply the dressing underneath an 
Unna's boot that is then wrapped with a 
compression bandage (for instance Coban~, 3M, 
Minneapolis, MN). XCell can be left in place for up 
to seven days depending on the level of exudate. 
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Study Supported hyr XCell* Cellulose Wound Dressing 

'y^\fm_g^^^ Distributed by: 

.^J^IHILtSS^ PDl Medical Devices & Diagnostics 

838 Town Center Drive 10 Mountainview Road; Suite C200 

Langhome. PA 19047 Upper Saddle River, NJ 07458 

215-867-0220 1 888 438-9235 

www.xyIoscorp.com www.xcellwoundcare.com 

^ 3009 Xytos Corporation. All Rights RBSo»ad Ml lOikOI 
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. Atty. Dkt. No. 079579-01 14 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Gonzalo SERAFICA et al. 

Title: MICROBIAL CELLULOSE 

WOUND DRESSING FOR 
TREATING CHRONIC WOUNDS 

Appl.No.: 10/132.171 

Filing Date: 4/26/2002 

Examiner: Edward J. Webman 

Art Unit: 1616 




DECLARATION UNDER 37 CF.R. 1.132 OF CHRISTOPHER J. DAMIEN. Ph.D. 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, V A 22313-1450 



Sir: 

The undersigned, Christopher J. Damien, Ph.D., does hereby declare and state that: 



1 . I make the following declaration based upon my knowledge and belief and 
supporting exhibits and experiments. 

2. I received my Ph.D. in Biomedical Engineering from Rutgers University and 
the University of Medicine and Dentistry of New Jersey. I am currently the Director of 
Research and Development at Xylos, where I oversee research and development relating to 
microbial cellulose biomaterials for use in medical applications. 

3. I have reviewed the Office Action mailed on Aug. 1 5, 2006, as well as the 
cited U.S. Patent Nos. 4,588,400 and 6,320,093 to Ring and Augustine, respectively 
(hereafter "Ring" and "Augustine") and the Krystynowicz publication. 
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4, In my opinion, based on the facts and evidence described below. Ring, 
Augustine, and Krystynowicz, whether considered individually or in combination, do not 
teach or suggest our claimed invention. 

5. To test Examples 4, 7, and 8 of Ring, which were cited in the Office Action, I 
supervised the following set of experiments to test liquid donation capacity. Materials were 
prepared by adding glycerol ('400 Example 4), polyethylene glycol (PEG) ('400 Example 4), 
silver sulfadiazine (SSD) ('400 Example 7), and petrolatum ('400 Example 8) to microbial 
cellulose according to the amounts and under conditions described in those examples: 



I. Introduction 

U.S. Patent # 4,588,400 to Ring describes a cellulose pad that can either supply 
moisture to wound site or absorb exudate generated by the wound [column 3 lines 
28-30]. According to Example 1 of the '400 patent Ring prepared saturated 
pellicles that contained cellulose at approximately 40 g/M^ and had a water 
content of 3600 g/M^. Processing described in Examples 1 and 2 resulted in a 
range of cellulose pads with a ratio of liquid to cellulose of 2:1 to 20:1 or 
effectively 33.3% to 4.76% cellulose. The following is taken directly from the 
Ring '400 patent: 

"EXyiMPLE2 

A water loaded pellicle prepared according to Example I ^vas hand-pressed between 
absorbent sheets to reduce the water content to about 320 g/M" and to compress the pellicle 
into a thin, strong, wet, membrane-like sheet. The membrane had a thickness of less than 
about I mm and the weight ratio of liquid to cellulose in the membrane was approximately 
S: I. Membranes having a weight ratio of liquid to cellulose in the range of from about 2:1 to 
20:1 may be prepared in a similar manner. The compressed material is suitable for use as a 
protective wound covering or surgical wipe. When applied to wounds and covered with an 
occulsive (sic) backing film, such membranes have a capacity to absorb large quantities of 
wound exudate. " 



Additional Examples describe soaking a 8:1 ratio pad in glycerol or polyethylene 
glycol (PEG) to a ratio of 50:1 (Example 4); in 1% silver sulfadiazine (SSD) 
ointment to a ratio of 25:1 (Example 7); or in water to a ratio of 50:1 followed by 
a soak in melted petrolatum (Example 8). These suggest a cellulose content of 
2%, 3,8% and 2%, respectively. 

This experiment focused on preparing materials as described in Ring '400 
Examples 2, 4, 7 and 8 and comparing their absorption and donation capabilities 
to those of Xylos's microbial cellulose wound dressing. 
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II. Equinment/Materials 

a. 1 0 Processed microbial cellulose pellicles (lot # SAl 12205) 

b. Hydraulic press (PPOl) and shims 

c. Plastic trays with lids, sufficient size and shape for testing 

d. Analytical Top loading balance (805) 

e. 2-inch diameter arch punch 
f Punch cutting pad 

g. Non-marring mallet 

h. 3-4 oz Natural Import Strap Side leather 

i. NaCl - isotonic saline (0.9%) 
j. Synthetic Foam Sponges 

k. Filtered, de ionized water 

1. Plastic film (PET, 2mil, Tekra, New Berlin, WI) 

m. Materials: 

o Petrolatum: Vaseline (Chesebrough-Ponds USA, Greenwich. CT); Lot 
02203H00 

o Silver sulfadiazine 1% (SSD): NDC 0591-0810-55 (Watson 

Laboratories, Inc., Corona CA) 
o Glycerol: G-7757 Lot 10K0185 (Sigma Chemical Co, St. Louis, MO) 
o Polyethylene glycol MW 400 (PEG): AC 1 9223-001 0 (Fisher Scientific 

Co, LLC, Pittsburgh, PA) 

Table 1 : Number of samples and tested 



Material Tested 


Absorption 


Donation 


Xyios Wound Dressing 


3 


3 


50:1 Xylos Control 


J) 




25:1 Xylos Control 


3 




Glycerol 


3 


3 


PEG 


3 


J 


SSD 


3 


J 


Petrolatum 


3 


J 



III. Procedures 

a. Initial cellulose content 

• Three cleaned pellicles were obtained and numbered 1 - 3 

• All three were pressed as per Xylos SOPs for preparation of standard 
wound dressing using a 2.4 shim for 30 seconds to a weight of 100 ± 
1 5g. Weights (A) were 1 14.2g, 97.3g and 93.9g. 

• One 2" diameter circle was punched from each pellicle, weighed (B) 
and dried overnight. 

• The dry samples were weighed (C) and the percent cellulose (D) and 
initial g cellulose in the pellicles (E) were determined. 
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Eq 1: D = C/ B 
Eq2: E-D* A 



3.39 ± 0.16 % cellulose 

3.44 ± 0.24 g cellulose (pellicle) 



b. Experimental pellicle setup 

• Seven (7) additional cleaned pellicles were obtained and numbered 4 



• The weight of a pellicle needed to achieve 11.1% cellulose (F) was 
calculated by taking the average of E (above) from the three initial 
samples. 

Eq 3: F = [average (E)] / 11.1% 31.0 g for 11.1% pellicles 

• Pellicles 4-10 were pressed twice using no shims for 120 seconds to 
a weight of F(± 15%F) 

• One 2" diameter circle from each pellicle was punched, weighed and 
dried overnight. Samples were reweighed the next day and the 
cellulose % was determined using Eq 1 . 

• Three pellicles with the ratio of water to cellulose that were closest to 
8:1 (11.1% cellulose content) were chosen and included pellicles 5, 
6, and 7. (10.6%, 10.8% and 11.2% respectively). 

• Twelve 2'" circles were punched from each of the three chosen 
pellicles. The remaining four pellicles and the skeletons of the 
punched pellicles were discarded. 

c. Rehydrated Control sample prep 

Thi*ee sets of controls were prepared for this study: one from the -lOOg 
pellicles and two from the 11.1% pellicles. 

• Xvlos Wound Dressing : From the three pellicles originally weighing 
-lOOg, two 2" circles were punched from each to act as wound 
dressing controls for absorption and donation testing. 

• 50:1 Xvlos Control : Six of the samples from the 11.1% pellicles 
(two per pellicle) were soaked in filtered water until they reached 
5.67±0.01X their initial weight. 

• 25:1 Xvlos Control : Six of the samples from the 11, 1% pellicles 
(two per pellicle) were soaked in filtered water until they reached 
2.88±0.00X their initial weight. 

d. Glycerol sample prep 

Two circles from each of the tliree pellicles that were originally dehydrated to 
11.1% cellulose were soaked in glycerol until the samples weighed 
approximately 5.67X their initial weight. 

Actual weight was 5.42 ± 0.29X. 



10, 



e. PEG sample prep 
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Two circles from each of the three pellicles that were originally dehydrated to 
11.1% cellulose were to be soaked in polyethylene glycol (PEG - M W 400) 
until the samples reached approximately 5.67X their initial weight. 

This was not possible, in thai the samples only gained 3.35 ± 024X their 
weight after being soaked for >72 hours. 

f. SSD sample prep 

SSD cream was melted and two circles from each of the three pellicles that 
were originally dehydrated to 11.1% cellulose were soaked in the melted SSD 
cream until the samples weighed approximately 2.89X their initial weight. 

Actual weight was 2.36 ± 2,3X. 

g. Petrolatum sample prep 

Two circles from each of the three pellicles that w'ere originally dehydrated to 
11.1% cellulose were soaked in water until the samples weighed 
approximately 5.67X their initial weight. 

Actual weight was 5.68 ± 0.03X. They were then immersed in melted 
petrolatum at 100°C for 1 hour, removed and allowed to drain for 10 minutes. 

h. Absorption Testing 

Following Xylos SOP QD 1 04 - ''Determination of Fluid Absorbency of 
Wound Dressings or Gel" samples from each process were tested for their 
absorbency per Table 1 . Briefly samples were weighed and placed onto a 
standard sponge that was immersed in normal saline to the top of the sponge. 
The container was closed and the sample was allowed to absorb saline lor 24 
hours. After, the sample was reweighed and the amount of absorption was 
calculated and expressed as a percent of the initial weight. 

i. Donation Testing 

Following Xylos SOP QD103 - ''Determination of Fluid Donation of Wound 

Dressings or Gels'" samples from each process were tested for their donation 
per Table 1 . Briefly samples were weighed and placed onto a piece of leather 
that had also been weighed. The leather acts as a surrogate to skin, being 
cowhide. The samples were covered with PET to ensure that moisture was not 
released into the air. After two hours the leather was reweighed and the 
amount of liquid donated from the sample to the leather calculated and 
expressed as a percent of the initial w-^eight. 
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Results and Discussion 

Cellulose Content of Xylos pellicles 

Pellicles used in Xylos's wound dressing had a cellulose content of 50.7 ± 8.5 
g/M^ cellulose which was about 25% greater than the 40g/M^ that was described 
in Example 1 of Ring '400. 

Three sets of controls were prepared at the following liquid to cellulose ratios: 



Glycerol and polyethylene glycol (MW 400) 

In Example 4 of Patent '400, Ring describes the preparation of samples as follows: 
" EXAMPLE 4 

The method of Example 2 \\>as repeated except the membrane-like sheet material was partially 
reconstituted with glycerol in one case and with polyethylene glycol (MW 400) in a second case. 
The resulting product in each case contained about 2000 g/M' liquid, was strong and flexible with 
good handle and drape, and did not dry out when exposed to air. Each of the samples was 
transparent to an extent permitting visual examination of skin condition through the dressing. The 
material was substaniially lint-free and was suitable for use as a general purpose dressing. 

To compare Xylos microbial cellulose to that found in Example 4 of Ring '400 
three pellicles were prepared to 1 1.1% cellulose or a ratio of 8: 1 per method of 
Example 2. Test samples were then punched and partially reconstituted with 
glycerol and polyethylene glj-col (MW 400) to match the ratio found in the 
example (2000 g/M" liquid to 40g/M" cellulose or 50:1). The samples absorbed 
glycerol until they weighed 5.42 ± 0.29X their initial weight or a liquid to 
cellulose ratio of 45:1 (cellulose content 2.27%). 

It was more difficult to recreate Ring's ratio of liquid to cellulose when it was 
soaked in PEG. After 72 hours the samples only weighed 3.35 ± 0.24X their 
initial weight translating to a ratio of liquid to cellulose of 28: 1 (rather than 50:1). 
Further testing was performed at this ratio, a cellulose content of 3,45%, which 
was similar to the Xylos Wound Dressing control at 3.39%. 



Target Ratio Actual Ratio (% cellulose) 



1) Xylos Wound Dressing 

2) 50:1 Xylos Control 

3) 25:1 Xylos Control 



28.5:1 (3.39%) 
50:1 47.6:1 (2.06%) 

25:1 24.1:1 (3.98%). 
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Figure 1 illustrates the amount of liquid donated comparing Xylos controls to 
Ring's Example 4 at comparable liquid to cellulose ratios. Xylos controls donated 
significantly more liquid (p<0.001 ; t-Test) than both '400 Example 4 materials. 



Effect of the addition of Glycerol or PEG to biocellulose on donation properties 




Figure 2 illustrates the absorption of liquid comparing Xylos controls to '400 
Example 4 materials. Comparing similar cellulose contents (Xylos Wound 
Dressing to PEG and 50: 1 Xylos Control to glycerol) ihere were no statistical 
differences in absorption. 



Effect of the addition of Glycerol or PEG to biocellulose on absorption properties 
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Discussion 

Xylos Wound Dressing control with 3.39% cellulose demonstrated greater than 
80yo donation and 70% absorption. This can be compared to Ring's PEG sample 
at 3.45% cellulose that donated significantly less liquid (--31%) but absorbed a 
similar amount. The 50:1 Xylos control demonstrated significantly more donation 
with a 90% donation rate compared to only 30% for the glycerol. They had 
similar absorption amounts. 

Conclusion : Although the ratios of liquid to cellulose were similar, addition of 
glycerol or PEG (MW 400) resulted in a statistically significant decrease in the 
available moisture that was donated compared to Xylos material. This did not 
affect the absorption characteristics, which were similar to the Xylos Controls. 
This demonstrates that material with a liquid to cellulose ratio of 28:1 described in 
the '400 patent is different from Xylos's wound dressing at a 28.5:1 ratio. 

Silver sulfadiazine (SSD) 

In Example 7 of '400, Ring describes the preparation of samples as follows: 

"EXAMPLE 7 

The method of Example 2 was repeated except the memhrane-like sheet was rcconstifuted with 1% 
silver sulfadiazine (SSD) ointment. The compressed pellicle was immersed in SSD ointment which 
had heen warmed to fluid state until the liquid content of the pellicle had increased to about 1000 
^/M^ . The impregnation with SSD ointment was conducted in a darkroom and the resulting 
product was packaged in a light proof moisture- impervious aluminum foil packet and M-as 
suitable for use as a burn dressing. .4 similar product is obtained by impregnating the membrane- 
like sheet with an aqueous solution of zinc sulfadiazine. In another embodiment, the membrane- 
like sheet may be surface-coated with silver sulfadiazine powder so that the antiseptic is applied 
directly to the bum site. " 

To compare Xylos microbial cellulose lo ihat found in Example 7 of Ring "400 
three pellicles v/ere prepared to 11.1% cellulose or a ratio of 8 : 1 per method of 
Example 2. Test samples were then punched and reconstituted with 1% SSD 
ointment warmed to a fluid state to match the ratio found in the example (1000 
g/M" liquid to 40g/M" cellulose or 25: 1). The samples absorbed SSD until they 
weighed 2.36 ± 0.23X their initial weight or a liquid to cellulose ratio of 19:1 
(cellulose content 4.90%) and then the absorption slowed such that 25:1 could not 
be obtained. Samples were tested at the 19:1 ratio. 
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Figure 3 demonstrates the significant differences (p<0.0001) in liquid donation of 
the Xylos material compared to that in Patent *400 Example 1. 



Effect of the addition of Sitvor Sulfadiazine to biocellulose on donation properties 




Figure 4 demonstrates the similar absorption rate of the Xylos material compared 
to that in Patent '400 Example 7. 



Effect of the addition of Silver Sulfadiazine to biocellulose on absorption properties 




Discussion: 

The donation and absorption profiles in Figures 3 and 4 illustrate that the material 
in Ring '400 Example 7 clearly has only one fiinclion, that of absorption, at a 
liquid to cellulose ratio of 19.4:1 (4.9% cellulose). Xylos material at a decreased 
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cellulose concentration of 24.1 : 1(3.98%) and 28.5:1 (3.39%) demonstrated the 
dual functionality of absorption and donation at comparable levels. 

Conclusion : Although the ratio of liquid to cellulose is lower in the Ring '400 
material, addition of SSD resulted in a decrease in the available moisture that was 
donated and therefore demonstrates that these materials have different intrinsic 
properties. 

Petrolatum 

In Example 8 of MOO, Ring describes the preparation of samples as follows: 

"EXAMPLE i'i 

The method of Example 2 ^vas repeated except the membrane-like sheet material was partially 
reconstituted with water tn a loading of 2000 The water-loaded pellicle was immersed in 
melted petrolatum at a temperature of 100'^ C- for I hour. The pellicle was thereupon removed and 
allowed to drain. The resulting product was a petrolanim-coated dressing having a water core and 
had a reduced tendency to adhere to wounds. " 

To compare Xylos microbial cellulose to that found in Example 8 of Ring '400 
three pellicles were prepared to 11.1 % cellulose or a ratio of 8: 1 per method of 
Example 2. Test samples were then punched and partially reconstituted with 
water to match the ratio found in the example (2000 g/M~ liquid to 40g/M'' 
cellulose or 50:1). The samples absorbed water until they weighed 5.68 ± 0.03X 
their initial weight or a liquid to cellulose ratio of 49: 1 (cellulose content 2.0%). 
The materials were then further processed in the heated petrolatum as described in 
the procedure above. After one hour materials were removed drained and tested. 

Figure 5 illustrates the statistically significant increase (p<0.005) in donation of 
liquid comparing Xylos to that in Ring '400 Example 8 at similar liquid to 
cellulose ratios of w^ater. 
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Effect of the addition of petrolatum to biocoMulosc on donation propenies 

^(B . ■• • 




Figure 6 demonstrates the amount of liquid absorption of the Xylos material 
compared to the Ring '400 Example 8. The Xylos Wound Dressing control 
demonstrated significantly more absorption than the other two materials 

(p<0.005). 

Effect of the addition of petrolatum to biocellulose on absorption properties 

•30 • 




Discussion: 

Material prepared with an excess of water should demonstrate donation but 
possibly less absorptive capacity. This is noted in the Xylos material at 47.6: 1 
versus 28.5: 1 liquid to cellulose. Both demonstrate similar donation percentages 
while demonstrating different absorption ability. The material from Example 8 of 
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Ring '400, with a liquid to cellulose ratio of 49:1, shows a similar lack of 
absorptive capability and also significantly less ability to donate the moisture that 
is in the system. 

Conclusion : Although the ratio of liquid to cellulose is similar, addition of 
petrolatum resuhed in a significant decrease in the available moisture that could be 
donated to a wound as compared to Xylos material. 

V. Overall Conclusions 

Ring '400 describes a microbial cellulose pad with a liquid to cellulose ratio range 
of 2:1 to 20:1. Xylos Wound Dressings possess a range of liquid to cellulose ratio 
of 21 : 1 and greater and demonstrate the dual functionalit}' of absorption and 
donation that is beneficial to healing chronic wounds. This dual action allows one 
dressing to both provide moisture and absorb wound fluid at the same time 
depending on the microenvironment of the wound on which the Xylos Wound 
Dressing is in contact. When testing materials prepared at similar liquid to 
cellulose ratios greater than the range stated in Ring '400 as described in the 
Examples, in no case is this dual fimctionalit}' exhibited to the extent observed 
with Xylos material (Figure 7). Ring '400 describes a dressing that either provides 
moisture to the wound or absorbs exudate. 

Figure 7: Summar\' data of all absorption and donation testing. 

Donation and Absorption of various cellulose containing materials 



100 00 ; 




XyJosWounc 25:1 Xylos 5C.1 Xylos Glycerol FLG SSD PoirolaJum 

Drossing Conuol Conirol 
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The a;1so^vexesu!ls demonstrate that Ring's examples 4. 7. and 8 fail to produce 



a dressing tnat could donate greater tlian 75% of its liquid weight to a chronic wound This 
saggesis that Ring did not envision a dressing wiih an increased liquid to cellulose ratio that 
could both donate and absorb sinmltaneously at levels sufficient to treat chronic wounds. In 
my opinion, since previous wound dressings have been designed for a single function it is 
surprising that, 2( properly fo™"I^ted microbial cellulose dressing can both donate and absorb 
sufficient amounts of liquid to treat chronic wounds. 

7. I declare ihat all statenQenta made herein of my own knowledge are tme and 
thai all statements made on information and belief are believed to be true; and iiiither ihai 
these statements were made with the knowledge that willful ftlse statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of ihe 
United Stares Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 





Date 



Christopher J. Damien, Ph.D. 
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